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Abstract 

One of the technologies that is benefiting from the wide spread of the internet is the 

electrical energy management and monitoring. Controlling electrical energy remotely is 

improving very fast. This is in step with the wide spread of communication technologies, In 

our project we are going to build a small electrical management system, that has the 

capability of reading the active energy (KWH values) of two energy sources with ability to 

switch them either on or off. The system will provide these capabilities remotely using the 

internet. Our system makes use of a micro web server, the IPSIL 8930, to connect power 

control lines and counter units to the internet. The power control lines will be made using 

switch relays, and the counter units will be built using BCD counters; while the power 

meters will be an implementation of a pulse watt meters. We introduce this system as a step 

for making more advanced energy management projects. 
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Chapter One 

Introduction 

1.1 Overview 

Nowadays internet is spreading very fast it has entered a very huge number of places 

from small houses to government buildings. Remote monitoring and controlling over the 

internet is increasing too, and it became more valuable for applications to be connected to 

the internet and so controlling and monitoring them remotely. 

Many organizations are showing great concern for redesigning their services and 

making them available online. This will improve the organization services and will open 

the door for a wide variety of services. 

One of the things that might have been raised up is the design of an energy 

management system. This system should have many services ranging from monitoring 

the electrical components and the energy parameters including power, current and voltage 

and many others to controlling them remotely. 

Many designs were created; these will be discussed in chapter 2. Our project will be a 

design of small management system providing the services for monitoring the active 

power that is consumed by a two load systems with the ability to control the supply 

voltages delivered to them. 

The system should provide these services remotely so our design includes a web 

server that will be interfaced to the power controlling and measuring circuits and then 

connected to the internet. 



1.2 Literature Review 

This project is the fourth phase of the Micro Web Server projects. A TCP/IP stack 
was designed in the first phase A h A · · · . 1ome utomation System was implemented in the 

second phase. A Digital camera and two stepper motors controlled by the Micro Web 

Server in the third phase. A power meters will be interfaced and controlled by the Micro 
Web Server in this phase. 

We can categorize the Literature Survey into two main groups: 

1.2.1 PPU Projects for Micro web Server 

As we had mentioned it's the fourth phase for the project idea, the three previous 

projects that tackled this issue are described here briefly: 

[A] Project title: "Micro Web-Server" 

Project Overview: 

This project was introduced and approved in the 2001/2002 academic year in our 

university. The project idea was to build a Micro Web-Server from its primitive 

components and use it to perform simple controlling aspects such as LED's switching. 

Project Description: 

The aim of the project was to write the smallest possible TCP/IP stack, which can 

communicate with any web browser over the Internet. The web browser must translate 

the web server files and fetch them with its large screen, user-friendly menus and buttons 

and helpful information which guide the user through a process by just a mouse click. 



The project was focusing on: 

• Understanding the fundamentals of computer-internetworking and how the 
internet works. 

• Understanding the Open System Interconnection (OSI) model which was 

developed by the International Organization for standardization, and learning 

the details of the TCP/IP, HTTP and more networking issues. 

• Building the TCP/IP stack which includes implementations of the TCP, IP, 

ICMP and HTTP vl.l. 

• Hardware designing and implementation. 

Similarities with our project: 

Although our proposed project will optimize a Micro Web Server to accomplish 

the hardware controlling and the software management, but it will eliminate a lot of the 

work done in that project because of the following: 

1) We will use an off-the-shelf Micro Web Server rather than building it. 
2) We will use Java programming language and java applets to program the system 

rather than writing C codes. 

3) The application in our project is widely different and complicated. 

[BJ Project Title: "Micro-Web Server for controlling and monitoring applications" 

Project Overview: 

This project was introduced and approved in the 2002/2003 academic year in our 

university. It used the IPu8930 Micro-Web Server and the Java Applets software to 

control some simple home applications. 
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Project Description: 

The project is considered as a home automation system, in which Micro Web 

Server controls and manages many 'dumb' (non-computerized) devices. It is a system 

which was designed to control various devices, these devices are: 

• Lightening System. 

• Temperature Control. 

• Alarm System. 

s Fan Controlling. 

Similarities with our project: 

We think that this project is strongly related to our project, this accentuation stems 

from the following facts: 

1) We will exploit the same Micro Web Server. 

2) Most often we will use java applets as a programming environment. 

But there still general schemes that may use new ways, such as: 

1) Application is different. 

2) Ports usage. 

[C] Project Title: "Controlling a Digital Camera Using Micro Web Server" 

Project Overview: 

This project was introduced and approved in the 2003/2004 academic year in our 

university. It used the JPu8930 Micro-Web Server and the Java Applets software to 

control the Digital by the serial port RS-232. 

0 



Project Description: 

The aim of the project was to control the operation and position of the camera. 

The project was focusing on: 

• Understanding the fundamentals of the Digital camera and how the sequence of 

the operation process is done. 

• Understanding the Open System Interconnection (OSI) model which was 

developed by the International Organization for standardization, and learning the 

details of the TCP/IP, HTTP and more networking issues. 

• Hardware designing and implementation. 

Similarities with our project: 

We think that this project is the most related project to us, this comes from the fact 

that: 

1) We will use the same Micro Web Server. 

2) Most often we will use java applets as a programming environment. 

But there still general schemes that may use new ways, such as: 

1) Application is different. 

2) They used serial port, but we will use parallel port. 

1.2.2 PPU Projects for Power Meters 

Our project is the first project concerning power meters management and 

interfacing 

; 
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Other Projects: 

Through searching the Internet, we had seen various and different projects and 

suggestions tackling the idea of our project, some of them are tightly related to it, such as: 

1) For Micro web Server 

"Micro Web server for domestic application" 

It is a final year project in Newcastle University in Australia, the two goals of the 

project were: 
% Miniaturirization of computer; this includes microprocessor, microcontroller and 

other peripheral devices. 

• The development of the Internet. 

There is an A VR microcontroller and an Ethernet controller in that board. 

There is also an OS available for the board as well as its TCP/IP stack. The project 

controls devices like light-bulb and TV remotely 

2) For Power Meter 

"Electric Meter Reading via Bluetooth" 

An architecture of a micro controller based system for interfacing between the 

Digital Energy Meter and the Bluetooth Module is proposed. An embedded 

instrumentation system onboard reads the Active Energy Register values from the Digital 

Energy Meter. This information are then returned to the host via a wireless Bluetooth 

link which will be convert to an active energy value in KWH and Display in the host's 
' 

GUI. An instantaneous energy consumption graph will be plot in the host GUI. 

V 



Two interesting applications have been identified. They are Automatic Meter 
Reading (AMR) and Automatic Polling Mechanism (APM). AMR is a mechanism 

whereby the Bluetooth Energy Meter sends the recorded energy consumption of a 

household in the certain interval of time to a 'wirelessly' connected reader. APM is a 

Feature where a reader will poll each and every individual Bluetooth Digital Energy 
Meter automatically in order to get the meter reading of the corresponding households. 

"Power Meter Reading through internet connection" 

Its objective was to read the power meter value through the internet, because they 

used a power meter that has a direct connection to the internet. 

1.3 Estimated cost 

In this project we need the following equipments in order to implement the 

system. The costs are divided into: hardware costs and software costs 

Num. H.W Requirements The price 

IPU8930 Micro Web-Server $200 

2 Power Meter $100 

Total $300 

Table 1.1: Hardware Cost 

Num. s.w The price 

Software Implementation $200 

2 Internet Domain $80 

tal 
$280 

Table 1.2: Software Cost 

A 
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1.4 Time plan 

I\ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Tl 3 Weeks 
~ 

2 
T2 

Weeks 

T3 4 Weeks 

T4 3 Week 

T5 3 Week lweek 

T6 16 Weeks 

Table 1.3: Schedule time for the system 

1.5 Report contents 

This document consists of seven chapters describing the logical or physical part of the 

system 

• Chapter One: Introduction 

This chapter demonstrates an overview about the system, system design options, 

a literature review, estimated cost and time planning. 

• Chapter Two: Theoretical Background 

This chapter focuses on theories and materials that are related to our system 

operation and behavior. It mainly talks about TCP/IP protocol, Java Applets, 

Micro Web-Server and Power Metering System. 
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• Chapter Three: Design Concepts 

This chapter describes the system in its abstract formula. It describes the project 

objectives, a general block diagram and how the system works. 

• Chapter Four: Hardware System Design 

This chapter discuses system design options and justifies those that are chosen in 

the project. A detailed, description about the different project parts also is 

included. 

• Chapter Five: Software System Design 

This chapter handles the software related to our system, depicts flow charts about 

system operation and illustrates different algorithms and techniques that will be 

considered in writing the software. 

• Chapter Six: Systein Implementation and testing 

This chapter includes the implementation phases with the testing of these phases. 

General hardware and software components are tested and shown in this chapter. 

• Chapter Seven: Conclusion and Future Work 

This chapter will list the problems faced us in accomplishing the system and how 

did they resolved. Notes and Conclusions will help readers are also included. A 

future work is also proposed. 

1 
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Chapter Two 

Theoretical Background 

2.1 TRANSMISSION CONTROL PROTOCOL/INTERNET PROTOCOL 
(TCP/IP) 

TCP/IP is not simply one protocol, but rather a suite of small, specialized 

protocols including TCP, IP, UDP, ARP, ICMP, and others called subprotocols. Most 

network administrators refer to the entire group as "TCP/IP," or sometimes simply 

"IP." TCP/IP's roots lie with the U.S. Department of Defense, which developed the 

precursor to TCP/IP for its Advanced Research Projects Agency network (ARPAnet) 

in the late 1960s.because to its low cost and its ability to communicate between a 

multitude of dissimilar platforms, TCP/IP has grown extremely popular. It is a de 

facto standard on the Internet and is fast becoming the protocol of choice on LANs. 

The latest network operating systems (such as NetWare 5.x and Windows XP) 

use TCP/IP as their default protocol. The greatest advantages to using TCP/IP relates 

to: 
1- Its status as a mutable protocol which means that it carries network addressing 

information that can be interpreted by routers. 
2- TCP/IP is also a flexible protocol, running on any combination of network 

operating systems or network media. 
3- TCP/IP is a useful refrence for understanding other protocols because it includes 

elements that are representative of other protocols. 
4- Because of its flexibility, however, TCP/IP may require significant configurations. 

The TCP/IP suite of protocols can be divided into four layers that roughly correspond 

to the seven layers of the OSI Model, as depicted in Figure 2-1 and described in the 

following list 



TCP/ IP .'•:1,odel 
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Figure 2-1 TCP/IP compared to the OSI Model 

Application layer-roughly equivalent to the Application, Presentation, and 

Session layers of the OSI Model. Applications gain access to the network through this 

layer, via protocols such as the File Transfer Protocol (FTP), Trivial File Transfer 

Protocol (TFTP), Hypertext Transfer Protocol (HTTP), Simple Mail Transfer Protocol 

(SMTP), and Dynamic Host Configuration Protocol (DHCP). 

Transport layer-roughly corresponds to the Transport layer of the 

OSIModel. This layer holds the Transmission Control Protocol (TCP) and 

UserDatagram Protocol (UDP), which provide flow control, error checking, and 

andsequencing. All service requests use one of these protocols. 

Internet layer-Equivalent to the Network layer of the OSI Model.This layer 

holds the Internet Protocol (IP), Internet Control Message Protocol (ICMP), Internet 

Group Message Protocol (IGMP), and Address Resolution Protocol (ARP). These 

protocols handle message routing and host address resolution. 

yr 
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Network Interface layer-roughly equivalent to the Data Link and Physical 

layers of the OSI Model. This layer handles the formatting of data and transmission to 
the network wire. 

The movement of a packet of data through the layers in a TCP/IP network is 

shown in Figure 2.2. When a packet of data is sent, it travels to the transport layer 

where the transport header is added. Next the internet layer adds its header. Finally, 

the physical layer attaches its header. When a packet of data is received, the process is 

reversed, resulting in the application's reception of the intended data. 

Sending] 
A.1:plic a lion 

I1alispAt 
I f,::,.:10::f 

I 1isE: il 
I ks Ela 

Fig 2.2: Data movement through the TCP/IP layers. 

2.2 java applet 

h b•l'ty to create applets which are little programs that run inside a Java has t e a 1 1 ' 

they must be safe, applets are limited in what they can Web browser. Because 
lets are powerful tools that support client-side accomplish. However, app 

· · fior the Web programming, a major 1ssue ' 



Looking at what it is supposed to do: extend the functionality of a Web page 
in a browser. Since, as a Net surfe . : 3 ter, you never really know if a Web page is from a 
friendly place or not, you want any code that it runs to be safe. So the biggest 
restrictions you'll notice are probably: 

1. An applet can't touch the local disk. This means writing or reading, since you 

wouldn't want an applet to read and transmit private information over the Internet 

without your permission. Writing is prevented, of course, since that would be an open 

invitation to a virus. Java offers digital signing for applets. Many applet restrictions 

are relaxed when you choose to allow signed applets (those signed by a trusted 

source) to have access to your machine. 

2. Applets can take longer to display, since you must download the whole thing every 

time, including a separate server hit for each different class. Your browser can cache 

the applet, but there are no guarantees. Because of this, you should always package 

your applets in a JAR (Java ARchive) file that combines all the applet components 

(including other .class files as well as images and sounds) together into a single 

compressed file that can be downloaded in a single server transaction. "Digital 

signing" is available for each individual entry in the JAR file. 

Applet advantages 

If you can live with its restrictions, applets have definite advantages, 

especially when building client/server or other networked applications: 

1. There is no installation issue. An applet has true platform independence, so you 

don't need to make any changes in your code for different platforms nor does anyone 

have to perform any installation "tweaking." In fact, installation is automatic every 

time the user loads a Web page that contains applets, so updates happen silently and 

automatically. In traditional client/server systems, building and installing a new 

version of the client software is often a nightmare. 

2 Y d 
, h t rry about bad code causing damage to someone's system, . ou on t ave o wo 

b f h 
·t b 1·1t into the core Java language and applet structure. This, ecause o t e secun y u 



along with the previous point, make J , a es ava useful for so-called intranet client/server 
applications that live only within . a company or restricted area of operation where the 
user environment (Web brow d dd · ser an a i-ins) can be specified and/or controlled. 

2.3 IP8930 Micro Web Server 

2.3.1 General Description 

The IPµ8930 is a general purpose network controller and web server which 

makes it easy to monitor, control and communicate with remote sensors actuators ' ' 
and practically any devices with a serial port (via the onboard serial port) via a 

TCP/IP network such as the Internet. The IPµ8930 is designed to either work 

standalone or in conjunction with a "master" MCU. 

At the heart of the IPµ8930 Developer Kit is the IPµ8930 Module, a compact 

TCP/IP network controller and webserver module, which enables developers to 

rapidly add network connectivity to products. The IPµ8930 combines a TCP/IP 

controller, HTTPcompliant webserver, Modbus TCP node and AID converter into a 

single, small (l.3xl.4"/3.3x3.4cm) daughterboard. The IPµ8930 is designed to enable 

remote monitoring and control over a TCP/IP-based network without the overhead 

and complexity of traditional solutions which require the knowledge on how to 

support and program using a real-time operating systems. The IPµ8930 Module is 

capable of operating standalone or as a TCP/IP peripheral for a separate MCU. 

In addition to being able to store and retrieve web pages on the IPµ8930, 

developers can access the I/O ports on the IPµ8930 using Modbus TCP, a popular 

standard for acessing devices· on a network in the industrial automation, building 

automation, and utilities industries. 

The IPµ8930 Module plugs easily into the IPµ8930 Developer Board. The 

Developer Board is packaged with power, a 1 0BaseT network jack, and various 

connectors to make it easy to set up, program, and test the IPµ8930 
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Fig 2.3: IPµ8930 

2.3.2 IPµ8930 Features 

The IPµ8930 Board provides the following features: 

• Supports both TCP/IP and UDP-read & write 

• Includes HTTP vl .0 compliant embedded webserver 

• Up to 8 analog or digital ports for monitoring/control of external devices 

• Built-in 10-bit ADC 

• Serial port 

With flow control (CTS/RTS, XON/XOFF, or None) 

- Can be used to communicate with external serial devices 

• Ability to define WebHoles™ in HTML pages which get "filled" with values from 

pre-defined 1/0 port 
• Can operate standalone or as a peripheral to an external MCU using a serial interface 

• Full set of user-configurable network and system settings including 

Support for static & dynamic IP addresses 

User-definable default fixed address 
• Compliant with RFC-1122, the standard for TCP/IP hosts on the Internet 

• Supports the following network applications: 
ARP, DHCP, ICMP (ping), Modbus, and lpsil Control Protocol (vl.O) 

• 4 megabit (512KB) of on-board memory for web pages. 

• Time stamp functionality 
• File system with over 500 unique, variable length files 

\ 



Without any additional hardware 'a user can download web pages from the IPµ8930 
Board and control the analo /di · 1 . . . g gita gen_eral l/0 ports on the Developer Board. With 
additional devices hooked into the S . 1 er1a, ports, a user can control and monitor a wide 
variety of devices. 

"pg·4­ 

t s 
, ,) ~ :.l} 
'.8 

Fig 2.4: IPµ8930 developer board 

2.3.3 IPµ8930 Developer Board Features 

The IPµ8930 Developer Board is designed to help you quickly develop 

applications using the IPµ8930 module. The IPµ8930 Developer Board contains the 

following features: 

• Ethernet connector with two integrated LEDs which shows Rx/TX activity 

• RS-232 connectivity thru a serial RJ-45 jack (RJ-45 to DB9 cable included) with 

flow control 
• 8 general 1/0 channels accessible through developer board header 

• Service LEDs 5V, 3.3V, Tx, Rx, RTS, CTS activity 

• Integrated I2C temperature sensor 

• Reset button 

• Power and collision activity LED 

• External power jack 



2.3.4 Micro-Web Server Control Protocol 

The IPµ8930 Control Protocol (ICP) provides programmatic access to all of 

the 1/0 and storage resources on the IPµ8930 Board including the general 1-0 pins 

(a.k.a., Port A), the Serial Port, IPµ8930 RAM, the internal EEPROM, and the 

External EEPROM. Read/write access to the SPI and l2C ports is noted here but will 

not be supported until IPµ8930 vl.1. Both read and write operations to IPµ8930 

resources are supported. 

The ICP is a stateless protocol which supports reading and writing to the 

IPµ8930 via port number 8930. Both TCP and UDP are supported. If the IPµ8930 

receives a request via UDP, it will reply to the request using UDP. Similarly, if a TCP 

request is received, the outgoing packet will be a TCP packet. 

The flow control for ICP is lock-step. A program must, after writing a packet, 

Wait for a reply before sending another packet. 

The ICP packet format consists of several parts. First, every write packet starts 

with a password, which is required if secure mode is enabled-otherwise it is Ignored. 

An OPCODE and address are next required. The remaining fields carry the 

information read from or to be written to the IPµ8930. The contents of the data 

structure differ based on the operation and whether this is a request or response. 

Table's details of the packet of an ICP read, an ICP write and there respective 

responses are described in appindex. 

2.3.5 IPµ8930 Applications 

Applications for IP8930 Modbus include: 
• Remote monitoring 

• Industrial automation and process control 

• Home automation 

• HY AC control 



• Lighting control 

• Environmental monitoring 

• Remote telemetry 

• Test and lab equipment monitoring 

2.4 Kilowatt-hour meter 

Kilowatt-hour meter is a device that is used to measure the number of kilwatt 

power used by load in a unit of time .kilowatt hour meter may be used for three phase 

or single phase reading, we here will talk about single phase meter only. 

There are two types ofkilwatt-hour meter using for measuring power: 

• Analog Kilo Watt Hour Meter. 

• Electronic Digital Kilo Watt Hour Meter. 

2.4.1 Analog kilo Watt Hour Meter: 

This kind of kilowatt hour meter has a mechanical counting system that counts 

the revolutions of an aluminum disk and in tum, displays the kilowatts of energy used. 

The ratio of kilowatts displayed to the turns of the disk is called the disk constant,and 

this constant is different from one meter to other depending on the rotating disk. 
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Fig 2.5 analog meter 

Y. 



2.4.2 Electronic Digital kilo Watt Hour Meter 

The digital meters determine power by directly multiplying the current by the 

potential difference and record this result over time to obtain a value for energy used. 

There are a few advantages of using a digital meter over an analog meter. The 

primary reason is the fact that digital meters do not have moving parts. This reduces 

the error do to mechanical parts wearing out after time. Also a digital meter is more 

accurate; most digital meters have an error of 0.8%. While the error of a standard, 

analog meter is at most 2%. Some digital meters are designed using large-scale 

integration circuits (LSI). LSis contain anywhere from 500 to 1000 circuit elements. 

An LSI uses a digital voltmeter and an ammeter to measure the instantaneous 

potential difference and current. Then it is capable of converting the values into 

computer code. After that, it performs the necessary multiplication to obtain the 

wattage used and records the amount in static memory. 

Another advance in the digital kilowatt-hour meter is the ability to transmit the 

current readings to a remote observer. With this capability, the power company can 

effectively monitor all the meters from a central location instead of physically looking 

at each meter individually. 

Even though the newer, digital meters are more reliable they are still not 

widely used. Although the benefits of a digital meter don't warrant an immediate 

replacement of all analog meters, when analog meters wear out, digital versions are 

installed in their place. 

2.4.3 How to Calculate Power 

s iantity of electric energy, at any point in time, is called A measurement tor a qu, > 
w, 3le "kilowatt" or simply kW. This energy measured over a watt". 1000 watts equa s a 

:. : ilc -Hc r" or "kWh" One kWh means the usage of 1 kW for time is called a "Kt owatt- our · 

one hour or sixty minutes. 
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Active energy is measured in kilowatt-hours, while reactive and apparent 

energy are VAR hours and VA hours, respectively. Figure 2.6 shows the relationship 

between active, reactive, and apparent energy. The relationship described in the figure 

holds true for pure sinusoids at the fundamental frequency. In the presence of 
harmonics, this relationship is not valid. 

REACTIVE O'MER 

Fig 2.6: Relations between powers 

The relationships are as follows: 

• Active Power = VI cos 0 

• Reactive Power = VI sin 0 

• Apparent Power = VI 

• Power Factor= cos 0 
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Chapter Three 

Design Concepts 

3.1 Project Objectives 

The project to be designed should have following objectives: 

1. Design a Power Meter control and management system. 

2. To control multiple AC lines using the internet. 

3. Be able to read KWH for the AC lines using the internet. 

3.2 Project General Block Diagram 

Figure 3.1 shows the system (to be designed) in a block diagram; this system consists 

of the following components: 

• AC Lines 
This project assumes two separate AC lines, one for small loads such 

as lighting, and the other for small loads, such as refrigerators, motors. 

• Metering units 
Sense the power consumed by the loads. 

• Power control units 
Switch off or on the ac lines. 

• Counter units 
Counts the consumed KWH (kilo watt hour value). 
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Fig 3.1 Project General Block Diagram 
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Unit ~ 

Multiplexer 

The general block diagram describes the system for three loads, but the system 

design will be for two loads 
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Fig 3.2 Pulse meter output and the Counter Unit 
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3.3 How System works 

The meter unit's outputs a signal every 1second this signal is entered into a 
counter unit then the KWH count of the final counter for all counters are entered into 

a multiplexer which in tum is connected to the micro web server port. 

The software in the micro web server will be responsible for reading the 

values of the counter using the multiplexer and then displaying it to the user. This 
software will read the values of the counters in a specified interval and so then the 

accumulative amount of the KWH values for each line will be displayed to the user. 

Also the software will enable the user to control the AC lines, by issuing a 

command; the output of the micro web server will be applied to the power control unit 

which will tum on or off the AC Line. 

The software might also provide the user with the capability to specify the 

interval in which the KWH value is read. 
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Chapter Four 

Hardware System Design 

In this chapter we will describe the hardware components in our design 

system, and how these components integrated to each other. 

4.1 AMR Automatic meter reading Options 

Types of the interface supported by the meter 

• RS-485 Interface 

• PC Parallel port interface 

• Pulse output interface 

• RS-232 interface 

• RJ-11 interface 

The reading of meters depends on the interface supported by the meter. A lot of 

interfaces are available these includes the following 

• RS-485 Interface, an example is shown in the figure below. 

F. 4 1 · A kilo Watt hour meter with RS-485 communication 1g. . 1 
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• PC Parallel port interface th fi b , e 1gure velow shows a functional block diagram 
of a KWH meter that is build on the analog device energy IC ADE7756 

FUNCTIONAL BLOCK DIAGR.•~,N, 

••tH 
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•:P-n:.1.1.L \' Bt~: 
CCULED EF 

FREQUEI:Y 
CF ZX ~ Tl!'a OUTPUT 

Fig 4.2: A kilo Watt hour meter with PC Parallel port interface 

• Pulse output interface, see the figure below. 

Models are available for single phase, three phase three wire and three phase four 

wire systems. Inputs are from standard current transformers and normal mains 

voltages. Output is in the form of unit energy (watt-hour) pulses read by the built in 

counter or outputted to an external counting system. 
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Fig 4.3: A Kilo Watt Hour meter with a pulse output 
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A lot of meters are also supported with software for the controlling and 
monitoring of the meters. 

There are a lot of ways for gathering information related to metering from 

various locations; some of them take the power lines as a means for communications 

while others use wireless communication. 

Consider the figure below that depicts an energy management system. 
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Fig 4.4: Energy Management System 

d h d we decided to use this system which After we study these interfaces an met o s 

contains five main components: 

1. Micro Web Server 

2. Metering unit 

3. Counting unit. 

4. Controlling unit. 

5. Backup battery unit. 
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4.2 The Micro W eh Server 

General Purpose 1/0 Pins (Port A) 

The IPµ8930 micro web se . . . . rver contams 8 pms, each pm can be used for input 
(set it to 1) or output (set it to 0) e h . , ac pm can also be configured as analog or digital. 
In this system we use these as d · · t 1 /O .f . 1g1a , our pms will be used as input bins to read 

from counting circuits ,and other bins will used for output pins for selecting and 

controlling circuits. 

Pin Function In/Out 
1 PAO ·.-:-) J6 

3 PAl PAC c:::I 
..-·--;.. 1 I 

~ 5 
71 3 I 

PA2 e 35y 72 ~ I ? s 

7 PA3 P,\t. l ' 
r-) #I Ff I 

µ, .. ~ 2 !i 
9 PAt; c> 5 

~ [: .I 
p,,, l 1: PAS c; > 

'5 

c:::J 

1 ., PA6/CTS j In HEADER8X2 
:.i As v 

15 PA7/RTS -: -~/- > Oul 

To communicate the IPµ8930 micro web server with pc or other standard RS- 

232 device, a level-shifting device must be used. The IPµ8930 micro web server 

developer board has this chip built in, and routed to the RJ-45 serial connector. 

There are many kinds of servers that can be used in our system, for example 

Micro Web Server and the Pico Web Server are the server categories that can be used 

in the system. 

In this system we will use the IPµ8930 Micro Web Server which is existence 

in our university lab, and which owns the required system needs. 

The IPµ8930 micro web server has a general purpose 1\0 pins (port A) which 

we use to communicate with other system components. 
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Fig 4.5: IPµ8930 Block Diagram 

Types of possible connection to Power Meter 

[A] Parallel Connection 

1. Connecting the Power Meter to parallel port of the Micro-Web Server 

Micro-Web 
Server 

PC 

Fig 4.6: Parallel Connection 

2. Writing a Java applet that uses the Ipsil Control Protocol (ICP) to read data 

from the Ipsil parallel port and process it in Java applet. 

3. Uploading the Java applet to the Micro-Web Server system. 

4. Embed the Java applet to a HTML page on the Micro-Web Server. 

Whenever a user accesses the HTML page, the Java applet will run and get 

information to control the Power Meter using ICP. 
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[B] Serial Connection 

1. Connecting the Pow M . er eter to Senal port of the Micro-Web Server 

Micro-Web 
Server 

PC 

Fig 4.7: Serial connection 

2. Writing a Java applet that uses the Ipsil Control Protocol (ICP) to read data 

from the Ipsil serial port and process it in Java applet. 

3. Uploading the Java applet to the Micro-Web Server system. 

4. Embed the Java applet to a HTML page on the Micro-Web Server. 
Whenever a user accesses the HTML page, the Java applet will run and get 

information to control the Power Meter using ICP. 

The IPµ8930 micro web server contains 8 pins, each pin can be used for input 

(set it to 1) or output (set it to 0), each pin can also be configured as analog or digital. 

In this system we use these as digital 1/0 , four pins will be used as input pins 

to read from counting circuits ,and other pins will used for output pins for selecting 

and controlling circuits. 

To communicate the IPµ8930 micro web server with PC or other standard RS- 

232 device, a level-shifting device must be used. The IPµ8930 micro web server 

developer board has this chip built in, and routed to the RJ-45 serial connector. 

In this project we will use two pins for control lines, one for counter selection, 

and four pins for KWH reading. 
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4.3 Metering units 

The metering units consist of two meter units. This meter unit will be an 

implementation of previously designed circuit. Metering unit is used to be connected 

with AC Line and generate a pulse signal equal to lH\W (ljoule\second). This pulse 

signal will then be transferred to the counting unit to accumulate for every watt used 

by the load. The Metering unit contains three main parts 

• Load circuit 

• Optocouplers circuit 

• Comparator circuit 

Voltage sensing 
multiplies 

Current sensing multiplier 

Isolation Opto 
couplers 

In a Bridge Form 

5 Volt DC 
supply 

Comparators transferring 
power reading to 

frequency 

Output signal to 
counters 

I pulse\joule 
Equal to 1Hz\W 

LJ 

F. 4.8: Block Diagram for meter circuit 1g· · 

b ause all its components are low We have chosen to build the meter ec 

cost and available. 
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Fig 4.9: Metering unit circuit 

4.3.1 Load circuit 

The multiplier's output is a current drawn from Cl that's proportional to the 

true instantaneous power delivered to the load. Accuracy is maintained even if the line 

voltage wanders and the load is reactive and nonlinear. If multiple AC power phases 

are to be monitored, only resistors Rl and R2 and the optoisolator need be duplicated 

for each additional phase. The phototransistors of the additional isolator(s) should be 

paralleled with Q1-Q4. 

4.3.2 Optocouplers circuit 

The core of the wattmeter circuit is a quad-channel optoisolator consisting of 

LEDs El-E4 and phototransis~ors Ql-Q4 connected in a double-bridge arrangement 



(see the figure). This arrangement act • · s as a variant (admittedly peculiar) of the well­ 
known "Gilbert cell" analog multipli plier to compute the four-quadrant product of ac 
line voltage and Z 1 load current. 

Fig 4.10: OptoCoplers circuit 

4.3.3 Comparator circuit 

The current-to-frequency converter formed by reference VRl, comparators Al 

and A2, and associated discrete, converts the passively summed power-proportional 

currents to a 0-1200 Hz output appearing at A2 (pin 7). 

4.3.4 Clock circuit 

Ql 

Q2 

Q3 

Q4 

After we haven't obtained the 2 mohm resistor we decided to use elester Al00 

electricity meter for obtaining the clock pulse that corresponds to the electricity uses. 

Power 
meter 
voltage 
across 
the led 
and the 

Optocoupler Buffer 

Digital pulse 
rate pulse/2w 

DI 5V 
OV 

Fig 4.11: block clock circuit 
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The power ( electricity) meter has a led that is turned on at a rate of 500pulse\KWH, 

which means that the led lights on and then switches off every 2W of energy usage. 

The lightening period is about 100 micro seconds. Our goal was to benefit from this 
pulsing so as to count the electricity usage. 

In order to benefit from the power meter, we investigated the inside power meter 

circuit, using a multi-meter. It was found out that the pulsing led is connected to a 

resister, and the voltage was found to be 2.5 V (de measurement) across the led and 

resistor during lightening of the led and Ov at no load. However this voltage was 

found to be ac and not de, moreover one of the led legs was connected directly to the 

phase. So an ac measurement was taken and the result was 1.3v (ac) at lightening and 

0v at led switched off. 

During these investigations several circuits were tried. All of this was for the sake of 

a digital pulse from the power meter. Opto-couplers, inverters and phototransistor 

circuits were tested. Finally the following design worked correctly. 

Vl 
sv 
4 V 

lpulse/2w 

Power Meter Rl 
150 _n __ 

Counter units 

R2 
3.9k 

Fig 4.12: clock circuit 
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4.4 Counting unit 

Counting unit circuit is used t . . . . o count the pulses that are introduced by 
metering circuit; it contains four ° ] npp e counters as shown in Fig 4.9 

To 999 W Counters 

BCD 
Counter O 

BCD 
Counter I 

BCD 
Counter 2 

Four 
KWH 
BCD 

Counters 

D 
Selection 
counter > air [ 

Micro 
Web 
Server 

Counter clock 

To 999 W Counters 

BCD BCD 
counter0 '> counter! [='> 

BCD 
Counter2 

Fig 4.13: Counter units with a multiplexer 

Four 
KWH 
BCD 

f'Ant are 

The first three counters connecting directly to the metering circuit and they 

counts the number of pulses that generated from meter circuit, every pulse is a watt, 

so these counters can count to 999 watt then increase the forth counter by one and 

turns to 000 to count a new kilo watt. 

The fourth counter is used to count the number of kilo watt used, its output 

connected to a multiplexer which is connecting to the micro web server. 

Multiplexer is used to enable which load micro web server will read. 
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Micro Web Server read fourth counter every unit of time determined by 
software by enabling the multiplexer then reset the counter by the reset bins which is 
connected to the micro web server 

4.5 Controlling circuit 

The controlling circuit consists of three relays that are controlled using the 

micro web server port A pins. The relays normally closed ends are put so as they 

close the lines and so the loads are normally connected to the ac power lines. 

2 output lines 
from Micro web 

Fig 4.15: Block Diagram for Power Control Circuit 
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Fig 4.16: Power Control Circuit 



4.6 Backup battery unit 

AC 220volt Battery Charger Battery Regulator 
DC 5 volt 

Fig 4.17: Backup battery block Circuit 

A backup battery is used to ensure that the system maintains power if the electricity 

goes off, the design consist of a 5, volt regulator, a 6.5 volt battery and a de battery 

charger. 
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Fig 4.18: Backup battery Circuit 



4.6 Backup battery unit 

AC 220volt Battery Charger Battery Regulator 
DC 5 volt 

Fig 4.17: Backup battery block Circuit 

A backup battery is used to ensure that the system maintains power if the electricity 

goes off, the design consist of a 5, volt regulator, a 6.5 volt battery and a de battery 

charger. 
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Fig 4.18: Backup battery Circuit 
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Chapter Five 

Software System Design 

This chapter discusses the method for implementing the· system. Software 

implementation will be in JAVA. And we will walk up with all different transition 

and behavior of system operation. 

5.1Software Parameters 

Through programming of Micro-Web Server there is several steps that must 

be done related to ICP to the Micro-Web Server: 

1. Verifying the IP Address of the Micro-Web Server. 

2. Port ID for the Socket path (Manufacturer to be 8930). 

3. Parallel Port Address in the Micro-Web Server. 

4. Operation. Code (OPCODE) of the operation to be performed through the 

Socket (Read/Write). 

5. Direction of Data (Sent/Received). 
6. Command to be sent to the Power Meter. 
7. Verifying the success of the specified operation. 

££ 



5.2 Software Tools 

The following components from th ~ • · 1esottware point of view are used: 
1. Window XP SP2 

To acts as Client. 

2. Front Page 2003 

In order to design the web pages of the system. 

3. Java Creator Pro 2.00 

In order to write Java Applet Codes. 

4. JBuilder 2005 Enterprise 

In order to design the interface of the Java Applet. 

5. Java 2SDK 1.4.1 

Contains the Frame work of the java environment. 

6. Java Run Time Environment (JRE) 
To support the Java Virtual Machine for the client processing state. 

. . . . . . : · 

7. Ipsil Configuration Utility (ICU) 
Software to upload files into the Micro-Web Server. 

8. Power Meter Software 
Configuration about Power Meters and there contents. 
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5.3 System Flowcharts 

5.3.1 System Authorization 

This flow chart shows how the user logging to the system, and how the system 
responds. 

Start 

Get Logging 
Web Page 

Enter User Name 
and Password 

Get the main 
webpage 

Choose a link 
from the 

navigation bar 

Open the link in the 
middle frameset 

End 

Fig 5-1: Power Meter Viewing 
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5.3.2 Power Meter Viewing 

This flowchart shows how we can do several power meter options 

Start 

Verify User 
Authorization 

Open a Socket with IP 
Address and Port ID 

Enter Power 
Meter Number 

Apply Security 
Encryption 

Get Error 
Web Page 

Choose an 
Option: 

Read, Switch Of, 
Switch On 

Result will 
display in the 

Screen 

End 

There is an error 
In Power Meter 

. 2· p wer Meter Viewing Fig5-..'o" 
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5.3.3 Micro-Web Server C fi '. on1guration 

Start 

Verify User 
Authorization 

Open a Socket with IP 
Address and Port ID 

Get Current Micro Web 
Server Configuration and 
Display it in an Applet 

Apply Security 
Encryption 

Choose Option: 
Read, Switch of, 

Switch On 

Get Error 
Web Page 

End 

Apply Change 

End 

Fig 5-3: Micro Web Server Configuration 
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5.3.4 Read option 

ReadMSBBCD 

Send 1 then 0 to 
selection counter clock 
to select next BCD 

No 

Read next BCD 

Is it Last 
BCD? 

Yes 

Send 1 then O to 
selection counter 

clock until it returns 
to MSB BCD 

DJISS. -----+--+&+»»&8«8888888sss%%%%c,,, sasdl--9 J ' Fig 5-4: read option 



5.4 Web Pages Implementations 

One of the most steps is to desi. . gn a proper web page because it acts as a face 
for controllmg the Power Meter. 

The web technology used he d d . re re uce to be Client-Side Scripting language; 
this is because the Micro-Web Server in general d t h h · oes no» ave tle executive 

background for manipulating data processing of different languages. The Micro-Web 

Server is a server for getting paths of t k d · · · ne wor e communications through an mterface 
implemented by programming languages like: C, C++, Java Applets, Lab View and 
Borland Delphi. 

The following techniques describe the way used for implementing the system: 

1. Java Applets (Described as Client-Side Script language) 

These applets are stored in the Micro-Web Server External File System. 
They are come from the HTML Web Page, these applets contain several class files 

that divided into commands and are ready to be executed using Java Virtual Machine 

on the client platform. Sockets class are used as path in order to communicate 
. . . . . . . . . . : 

between Ipsil device and Java Applets, also Java Applets used Ipsil Control Protocol 
(ICP) over TCP to access all the 1/0 and storage resources of the Micro-Web Server 

along with parallel Port of the Micro-Web Server. 

These applets are stored as a compressed file known as 'Jar' file extension and 
. . . .· . 

include: 

• Multiple of files extension 'Class' into one Jar file. 

S h d Cket between the clients and the Micro-Web Server. 
• ecure t e opene so 

h 
· h 1 t automatically will establish a TCP/UDP connection. 

W en running t e app e 
ads d writes operation well, the IP address of the Micro­ 

In order perform rea s an 
Web Server must assign the most current IP. 
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5.5 Implementing Java Applet procedures: 

• Use JAR files instead of Java appl t . W b . . . e s m e Pages: 
The IPm8930 file system re the· quires the prefix of all filenames to be a three digit 

number (e.g., "160myfile" "170 fil ") H ' my 1 e • owever, class names for Java applets 
cannot begin with a number Th 1 · · · · e so/ution is to use Just one JAR file that stores all 
of the java applets. A JAR file is a compressed archive of Java applets (or any 

other files) and can have a filename beginning with a number. The JAR file also 

has the added benefit of requiring less space on IPm8930 file system since it is 

compressed. For example, "203Classes.jar" is a valid file name and would be used 

if the JAR file was to be stored in file slot 203 on the IPm8930 file system. To use 
JAR files in web pages, use the option "ARCHIVE = [jar file name]" in your 

HTML code 

• Padding JAR Files to 512 byte Multiples: 

The IPm8930 file system clusters files into 512 byte blocks. When a Java JAR 

file is served to a client web browser, a data stream that is a multiple of 512 bytes 

is returned. However, if the original JAR file was not exactly a multiple of 512 

bytes, there will be some extraneous trailing bytes ( < 512 bytes) that are also sent 

to the client web browser. Some client browsers may block this JAR file as a 

potential virus because of these extraneous trailing bytes. The solution is to create 

JAR files that are exactly multiples of 512 bytes in size. This can be done easily 

by adding a uncompressed text file that contains as many spaces as needed to 

align the JAR file to a 512 byte multiple. 

2. Java Script 

J S 
· d that can be embedded in the HTML code of a web page 

ava cnpt uses co es 

b d h 
· te ting with that page. It is the browser Plug-In software 

to e execute w en m erac 1 . . . 

that takes on the execution of the codes. 

d J S r·pt to implement any web processing features. 
The system rarely use ava c 1 
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Nevertheless, it is used to accomli hd; · . P sl lifferent issues hke prohibit more than one 
user to access the system simultaneous! Ch k h . . y, ec aut onzatton for a user and 
generate friendly messages relevant to user's actions. 

• Suggestions on Creating Web Pages on the IPµ8930 
The following are a list of suggestions for writing Web pages that will be 

stored on the Ipsil chip: 

1. Any type of web object can be stored ori the Ipsil chip including graphics, JAVA 

scripts, etc.-not just HTML. 

2. When creating HTML files for the IPµ8930, keep your design simple to minimize 

file size. 

3. Also use whatever options are available on your favorite HTML editor to minimize 

unnecessary overhead. For example, Microsoft Word creates exceptionally large 
HTML files because it generates files which can be later re-edited by Microsoft Word 

and includes a significant amount of HTML code about the original 
Microsoft Word files to support this re-creation capability 

4. File must be a minimum of 512 bytes long, and will be padded (with null 

characters) as necessary to end on a 512-byte boundary. This padding is done 
automatically when uploading using the ICU program. 

5. it's strongly recommended that you name any files you create for uploading be 

named starting with the three-digit destination file number. For example, 

"075mypage.html". This helps you keep track of where files are loaded, and it also 
provides a way for the ICU to automatically determine where to save the file in the 

device: 
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5.6 System Interface 

System Interface is the screen which the user can interact with, · and so 

communicate with the system friendly. The followings are the system screens defined 
by the applet they load: 

5.6.1 First page 
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_J Back ... . ,, Z, , search Favorites 19- ... (; "' ~J c.Ji :-~ 
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Fig 5.5 First Page 
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5.6.2 Verifying User Account 
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Fig 5.6 Verifying User Account 
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5.6.4 Power Meter Value 
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Fig 5.7 Power Meter Value 
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Chapter Six 

System Implementation and Testing 

This chapter demonstrates the methods and procedures used to test and 
examine the system operation and behavior. System testing is an important and 

crucial step in implementing a system. It senses the effectiveness of that system just 

before introducing it to its users. 

This system has more than one issue to be tested. Some testing parts reflect a 

software, hardware or networked case. Also, testing procedures concentrate on a 
single device independent from the over whole system. 

Here are the testing issues. They include the micro web server testing, 

hardware components testing and software applets testing. 

6.1 Introduction 

The implementation and testing was done using the following tools and components: 

• Connectors with different colors 

• IC stands 

• 50 cm broad board 

• All the ICs that are depicted in the design chapter (see chapter +) 

• Wrapper tool for wrapping the connectors on the ICs stands 

• A wire grabber and a wire cutter 

• A digital Millimeter for testing 

. d for implementing and testing the hardware 
A phases approach was carrie 

b s were implemented and tested. The 
components Then the applets and we page 

· 1 d More over the system software source 
. d • was for one oa».. implementation an testing 
code is included in the appendix. 
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6.1 Testing the Micro Web Server 

Testing the Micro Web Serv · 1 · . · . ·· er mvo ves domg more than one step. In order to 
test it, there must be a simple installed network; this is ac lished b :ti , ccomplisie y connec mg 
the Micro Web Server with a simple client (PC) that has an Internet Browser (i.e. 

Internet Explorer, or Netscape navigator). Testing the Micro web server is done by 
simply asserting one of the following conditions: 

• Structuring a cross over cable between a PC and the Micro Web Server 

• Connecting the Micro Web Sever to one of a Hub ports 

After connecting the cable between the Micro Web Server and the PC, power 

on the Micro Web Server to complete the network, some testing commands are done: 

1. Testing the TCP/IP Protocol 

This test is configured at the client side PC because the Micro W eh Server 

already supports the TCP and UDP Protocols. The test is done simply by writing the 

following command on the Command Line Shell: 

Ping 127.0.0.1 

The following reply indicates the success of the installed TCP/IP protocol: 

Pinging 127.0.0.1 with 32 bytes of data: 
Reply from 127.0.0.1: bytes=32 time<l ms TTL=128 
Reply from 127.0.0.1: bytes=32 time<lms TTL=128 

Reply from 127.0.0.1: bytes=32 time<lms TTL=128 

Reply from 127.0.0.1: bytes=32 time<lms TTL=128 

Ping statistics for 127.0.0.l: 
. d 4 Lost= 0 (0% loss), Packets: Sent= 4, Receive = ·, 
..:. in milli-seconds: Approximate round trip times 

. . · =O Average= Oms Minimum = 0ms, Maximum = )ms, 
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Testing Micro Web Server Reachability 

The Micro Web Server when connected to a network is configured as a DHCP 

client. Detection packets are sent when sharing a network to have an IP Address from 
. ,• . . . . 

a DHCP server. When no server satisfies that, the 192.168.0.254 IP address is 
assigned to the Micro Web Server. 

. . . 
Testing the Micro Web Server assumes no DHCP server is found. So, the 

following command well tests the Micro Web Server: 

Ping 192.168.0.254 

The following reply indicates the success of Micro Web Server accessibility: 

Pinging 192.168.0.254 with 32 bytes of data: 

Reply from 192.168.0.254: bytes=32 time=lms TTL=l28 

Reply from 192.168.0.254: bytes=32 time=lms TTL=l28 

Reply from 192.168.0.254: bytes=32 time=lms TTL=128 

Reply from 192.168.0.254: bytes=32 time=lms TTL=128 

Ping statistics for 192.168.0.254: 
Packets: Sent= 4, Received= 4, Lost= 0 (0% loss), 

Approximate round trip times in milli-seconds: 

M. . . 1 . M. . m- lms Average= lms mnimum= ms, axmmu» = • 

6.2 Testing TCP/IP Sockets 

. . 1 : 30me codes and executing it through a • · k ts needs applying S · 
Testmg wm soc e d to test both the Serial Port and the 8 

· applets use java applet. There are two mamn 
General 1/0 pins. 

6.2.1 Testing Port A 
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There are 8 general pu · . . rpose I/O pins installed • · · 
following testing code is used to i» '-on the Micro Web Server. The 

o implement a socket th 
LEDs ON and OFF: e rough a java applet to flash 8 

import java.applet.Applet; 
. . . * import java.1o. ; 

import j ava.net.; 
import java. util. *; 

import j ava.awt. *; 

public class setDigitalHi extends Applet 

{ 

private int IPSIL_PORT = 8930; 

lnetAddress 

Socket 

ia 

sock 

=null; 
= null; 

lnputStream sin = null; 

OutputStream sOut = null; 

StringBuffer buffer = new StringBuffer(); 

byte [] setAllDigitalOutput = 
{ 0x00, 0x00, 0x00, 0x00, 0x00, II Password (5 bytes len) 
0x06, II "Write EEPROM" cmd (1 byte len) 

0x00, 0x00, 0x0l, 0xl3, ii Start location (4 bytes len) 

(byte)0x86, // All channels Digital (1 byte len) 
0x00 II All channels as Outputs (1 byte len) 

}; 

byte [] flashLedsOn = 

{ 0x00, 0x00, 0x00, 0x00, 0x00, 
II Password (5 bytes len) 

0x06, I/"Write EEPROM" cmd 

0x00, 0x00, 0x0l, 0xl 7, II Start location 
(byte)0xff II All channels HI 

}; 

· , 

(1 byte len) 

(4 bytes len) 
(1 byte len) 
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byte [] flashLedsOff = 

{0x00, 0x00, OxOO, 0x00, 0x00, // Password (5 bytes len) 

0x06, // "Write EEPROM" cmd (1 byte len) 
0x00,0x00,0x01,0x17, 

(byte)0x00 

} ; 
byte[] resp= new byte[1024]; II Network response buffer 
public void init() { 

try { 

ia = InetAddress.getByName( getCodeBase().getHost() ); 

sock= new Socket(ia, IPSIL_PORT); 

addltem(ia. to String()); 

sin = sock.getlnputStream(); 

sOut = sock.getOutputStream(); 

} 

catch (Exception e) 

{ 

e.printStackTrace(); 

addltem(" Init "); 

} 

} 

private void addltem(String newWord) 

{ 

System.out.println(new Word); 
buffer.append(new Word); 

repaint(); 
} 

public void paint(Graphics g) 

{ 
(Si: 3).width - 1, getSize).height - 1); g.drawRect(0, 0, getszer... 

g.drawString(buffer.toString(), 5, 15); 

} 

public void start() { 
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try { 

sOut.write(setAllDigitalOutput); 

sln.read(resp ); 

sOut. write( flashLedsOn); 

sIn.read (resp); 

Thread.sleep( 1000 ); 

additem("LEDs ON!"); 
sOut. write( flashLedsOff); 

sin.read (resp); 
Thread.sleep( 1000 ); 

addltem(" LEDs OFF!"); 

} 

catch (Exception e) 

{ 
e. printStackTrace(); 

addltem(" Start"); 

} 

} 

} 

6.2.2 Testing Parallel Port 

The testing of the parallel port via a socket is implemented by connecting a 

LED to the transmit line of the parallel port. Then an applet is written to flash the led 

ON and OFF, here is the testing applet code: 

//an applet to turn port A to 1 in digital 

import java.applet.Applet; 

import java.io. *; 

import java.net. *; 

import java. util.; 
import java.awt.; 
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public class setDigitalHi extends A 1 · PP et 
{ 

// Constants 

private int IPSIL_PORT = 8930: 
' I I Ipsil device port number 

.· II Variables 

lnetAddress ia = null; 

Socket sock = null; 

lnputStream sin = null; 

OutputStream sOut = null; 

II Socket 

i I Input data stream 

I I Output data stream instance 

StringBuffer buffer = new StringBuffer(); 

II Arrays 

-II Write RAM variable ICP command 

I I Configures all channels as Digital Outputs 
? Operation code= 0x06, address in RAM 0xl 13, bytes to write 2 

byte [] setAllDigitalOutput = 
{ 0x00, 0x00, 0x00, 0x00, 0x00, II Password (5 bytes 

len) 

0x06, II "Write EEPROM" cmd (1 byte len) 

0x00, 0x00, 0x01, 0x13, // Start location (4 bytes len) 
(byte)0x86, // All channels Digital (1 byte len) 

0x00, II All channels as Outputs (1 byte len) 

} ; 

II Set all digital outputs to HI level 
II Write RAM variable ICP command 
ll Operation code = 0x06, address in RAM 0x117, 1111 1111- all channels "1" output 

II Each bit of the last byte represents each channel state accordinly 

byte [] setAllDigitalHi = 
{OxOO,OxOO,OxOO,Ox00,0x0O, // Password 

len) 
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0x06, /I"wr rite EEPROM" cmd (1by le n) yte en 
0x00, 0x00, 0x0l, 0xl 7 II St rt l .· • .ar 0cation 

len) 

(byte)Ox ff, I I All channels HI 

(4 bytes 

(1 byte len) 
} ; 

byte[] resp= new byte[ 1024]; I I Network response buff er 

public void init() 

{ 

try 

{ 

Ilia= InetAddress.getByName(" 192.168.1.10 l "); 

/lia = InetAddress.getLocalHost(); 
I laddltem(ia.getHostAddress() ); 

ia = InetAddress.getByName( getCodeBase().getHost() ); 

II Init TCP socket. Connect to the device itself on Ipsil port 

sock= new Socket(ia, IPSIL_PORT); 

addltem(ia. to String()); 

I I Create input data stream 

sln = sock.getlnputStream(); 

// Create output data stream 
sOut = sock.getOutputStream); 

catch (Exception e) 

{ 
e. printStackTrace(); 

addltem(" Init " ); 
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} 

} 

private void addltem(String newWord) 

{ 

System.out.println(newWord); 

buffer.append(new Word); 
repaint(); 

} 

public void paint(Graphics g) 

{ 

} 

//Draw a Rectangle around the applet's display area. 

g.drawRect(O, 0, getSize).width - 1, getSize).height - 1); 

I /Draw the current string inside the rectangle. 

g.drawString(buffer.toString), 5, 15); 

public void start() 

{ 

try 

{ 
// Send ICP command - Configure all channels as digital outputs 

sOut.write(setAllDigitalOutput); 

l p 

// Read and ignore replay byte from the Ipsil device 

sIn.read(resp); 

;; Send ICP command - Set HI all on all of the channels 

sOut.write(setAllDigitalHi); 
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/l Read and 5 . ignore replay byte fro . 
sin.read (resp); . m the Ipsil device 

addltem(" All · . Digital HI Done!"); 
} 

catch (Exception e) 
{ 

e.print Stack Trace); 

addltem(" Start "); 

} 

} 

} //end of the applet 

//an applet to tum port A to O in digital 

import java.applet.Applet; 

import java.io.; 
import java.net. *; 

import j ava. util. *; 

import java.awt.; 

public class setDigitalLo extends Applet 

{ 

I/ Constants 
private int IPSIL_PORT = 8930; 

/I Variables 
InetAddress 1a = null; 
Socket sock = null; 
InputStream sin = null; 
OutputStream sOut = null; 

// Ipsil device port number 

// Socket 

// Input data stream 

II Output data stream instance 
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StringBuffer buffer= new St . B · nng uffer(); 

/l Arrays 

II Write RAM variable ICP command 

/I Configures all channels as Digital Outputs 
/l Operation code = 0x06, address in RAM0:.113.b .: , x , ytes to wnte 2 
byte [] setAlIDigitalOutput= 
{ 0x00, 0x00, 0x00, 0x00, 0x00, (5 . bytes 

len) 
0x06, , . II "Write EEPROM" cmd . 

0x00, 0x00, 0x0l, 0x13, II Start location 

len) 
(byte )0x86, 

0x00, 

} ; 

II Set all digital outputs to LO level 

II Write RAM variable ICP command 

(1 byte len) 
(4 bytes 

II All channels Digital (1 byte len) 
II All channels as Outputs (1 byte len) 

II Operation code= 0x06, address in RAM 0xl 17, 0000 0000 - all channels "l" output 

II Each bit of the last byte represents each channel state accordinly 

byte [] setAllDigitalLo = 
{ 0x00, 0x00, 0x00, 0x00, 0x00, II Password 

0x06, I/ "Write EEPROM" cmd 

Ox00,0x00,0x01,0x17, 

len) 
(byte )Ox 00, 

II Start location 

} ; 

byte[] resp= new byte[ 1024]; 

II All channels LO 

(5 bytes len) 

(1 byte len) 
(4 bytes 

(1 byte len) 

// Network response buffer 

public void init) 
{ 
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try 

{ 

Ilia= InetAddress.getByName(" 10.1.1.20"); 

Ilia = InetAddress.getLocalHost(); 
lladdltem(ia.getHostAddress()); 

ia = InetAddress.getByNaine( getCodeBase().getHost() ); 

I I Init TCP socket. Connect to the device itself on lpsil port 

sock= new Socket(ia, IPSIL_PORT); 

add ltem(ia.to String)); 

I I Create input data stream 

sin = sock.getlnputStream(); 

I I Create output data stream 

sOut = sock.getOutputStream); 

} 

catch (Exception e) 

{ 
e. printStackTrace(); 

additem(" Init " ); 

} 

} 

: 1(String newWord) private void addltem( I 

{ 
System.out.println(new Word); 

buffer.append(new Word); 

repaint(); 

} 
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public void paint(Graphics g) 

{ 

} 

//Draw a Rectangle around the applet's display area. 

g.drawRect(0, 0, getSize).width - 1, getSize).height- 1); 
. . . 

//Draw the current string inside the rectangle. 

g.drawString(buffer.toString(), 5, 15); 

public void start() 

{ 
try 

{ 

// Send ICP command - Configure all channels as digital outputs 

sOut.write(setAllDigitalOutput); 

// Read and ignore replay byte from the Ipsil device 

sIn.read(resp); 

// Send ICP command - Set HI all on all of the channels 

sOut.write(setAllDigitalLo); 

// Read and ignore replay byte from the Ipsil device 

sIn.read (resp); 

addltem(" All Digital Lo Done!"); 

} 

catch (Exception e) 

{ 
e.print Stack Trace); 
addltem(" Start "); 

} 
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} 

} //end of the applet 

6.4 Implementing and testing projects hard. tware components 

General hardware components testing: 

BCD counter: a simple circuit was designed for testing the BCD counter, which was 

74LS90, and the results were the BCD sequence (0, 1, 2 .... 9, 0) 

External clock ( -----=--~ 

Fig 6.1 BCD counter testing 

Multiplexer: two BCD counters with a quadruple multiplexer was tested, a selection 

line was used to select between the two counters. The result was that it worked 

correctly as desired. 
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Testing phases: 

Phase 1 

The clock circuit was implemented a d t d ·· anctestec separately. And it counted correctly, 
giving a pulse every 2 watt of energy cc ® onsumption. 

Phase 2 

Several BCD counters were conne t d · · c e in series to form a counter from (0000000) to 

(9999999), an external clock was chosen to drive these counters. 

Phase 3 

Seven segments displays with seven segments Line drivers were connected with BCD 

counters, and were tested using the external clock and it worked correctly. 

Phase 4 

3 multiplexers were added to the circuit in addition to a BCD counter for selection 
. . . 

from the 4 most significant counters. All the components of this phase and the 

previous phases were tested and the results were correct. 

Phase 5 

The external clock was removed and the designed clock was put in its place, and all of 

these were tested. With the result that there is a BCD count every 2 watt of electrical 

energy usage. 

Phase 6 

Th 
. · · · 1 ted using a switch relay, and it worked correctly 

e control circuit was implemen 
. . 

1 
d h t s chosen instead of the 220 ac line for testing. 

switching on and off the lea, that wa 
This led will be replaced by the 220 v ac line in the final phase. 
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Phase 7 

Finally the led was replaced by the 220 •• . . v ac line, and the rela . with 11 BC . 
from the multiplexer and the . · · 3y a D mterface e selection line wer . e connected to the micro web server 
and tested using web pages and java l app ets. 

6.5 Testing Java Applets 

Testing Java Applets is f h . one o t e most crucial phases of testing. This fact 

stems from that java applets alo 'th h · ng wit t e web pages contams them is the interface 

of the system at which a user can interact. 

The following steps complete applets testing on the web pages stored in the 

Micro Web Server: 

1. Transferring the applet's HTML and JAR files to the Micro Web Server file 

system 
2. Using IPSil Configuration Utility (ICU) to accomplish this step 

3. Ensuring that the HTML and JAR file locations match the CODEBASE attribute 

in the HTML file and that the CODE attribute has the fully qualified class name 

Testing the applet in various browsers. If the applet fails to load, check that the 
browser is Java-enabled. Also check the browser's Java Console. for error messages. 

Testing Java Applets Buttons 

1) Read Button 

W h d h meter to light and make it consumes power, then after 
e attac e t e power 

th t d db tt d the reading result appears into screen multiply by 
a we presse rea u on an 

two. 
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2) Select Button 

Select button is used to determine which counter we will read from, but we 
concern into the four counters. 

3) Turn Off 

This button is used to switch off the electricity by sending a signal of five volt 

to the relay. 

First we will read the value of the power meter, and then we will determine whether it 

needs to turn off or not 
We attached a light, and by this button we switched off the electricity for. 

4) Tum On 

This button is used to switch on the electricity. In the normal mode it will be 

on. 
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Chapter 7 

Conclusion and future work 
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Chapter 7 

Conclusion and future work 

Project conclusions 

. . 

• We have built the counter circuit together with multiplexer. 

• The clock circuit implemented and connected to both the power meter and the 
clock circuit. 

• A switch relay was used to build the control circuit. 

• A 6.2 volt battery with a 5 volt regulator was used to compensate for 
electricity cut off. 

• All of the above were tested together using the software (the java applets and 
the web pages). The system worked correctly. 

Project problems 

• Electricity cut off during the project's work. 

• There is a lack of strong practical experience in the developing team. 

• J:here is a shortage of electrical components in local stores. 

Future work: 

d . different interface and a different 
• The system can be implemented ""€E,, ana wireless media, or infrared 

transmission media such as sena m er 
interface and electrical media. 

d measure water, gas and other things. 
• The system can be extende to 

t m can be built to An advanced management sys e · . 

y o 



Appendices 

Appendix A: Data Sheets 
Appendix B: IPU8930 Schematic Diagrams 
Appendix C: Project ICs Data Sheets 
Appendix D: Project software source code Data Sheets 
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Appendix A 

Several tables to describe micro web server operations 

Data Sheets 
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Length 
Byte # (Bytes) Field Name Description/Valid Values 

Five character ASCII password- 

0xO0 
always required. Will be ignored if 

5 PASSWD secure mode (SECMODE) is not 
enabled. If SECMODE is disabled it is . . I 
recommended that this field be zero 
padded. 
2 = Read from External EEPROM 
4 = Read from Internal EEPROM 

0x0S 1 OPCODE 7 = Read from RAM location 
9 = Read from serial port 
10 = r2c Read (v1.1) 
12= SPI Read (vl.1) 
Address argument for the above 

0x06 4 ADDR operations. Addresses are in 'big- 
endian' format, e.g., MSB comes first. 
Number of bytes to read. Binary 

0x0A 1 READLEN number-must be from 1-32 for UDP 
packets and 1-20 for TCP packets 

Table 5-1: ICP Packet - Read Request 

Length Description/Valid Values Byte # (Bytes) Field Name 
Address argument for the requested 

0x00 4 ADDR read. Same address as sent in the 
read reauest 
MSB is first; LSB is last. This is the 
running count of time since last power 

0x04 4 TIMES TAMP up measured in 8 ms increments. 
These bytes can be used to attached a 
time reference to the data 

0x8 1-32 READDATA Requested data 

Table 5-2: ICP Packet- Read Response 
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Length 
Bvte # (Bytes) Field Name 

_ _Description/Valid Values 
Five character ASCII password­ 

0x00 5 PASSWD 
always required. Will be ignored if 
secure mode (SECMODE) is not 
enabled. If SECMODE is disabled, it is 
recommended that this field be zero 
padded. 
3= Write to External EEPROM 

0x0S 
5 = Write to External EEPROM 

1 OPCODE 6 = Write to RAM location 
8 = Write to serial port 
11= IC Write (v1.1) 
13 SPI Write (vl.l) 

0x06 4 ADDR 
Address argument for the above 
operations. Addresses are in 'big- 
endian' format, e.g., MSB comes first. 
Data to be written to the above 

0x0A 1 WRITEDATA address-must be from 1-30 bytes in 
length for UDP packets and 1-20 bytes 
for TCP packets 

Table 5-3: ICP Packet- Write Request 

Length 
Bvte # (Bytes) Field Name Descriotion/Valid Values 

Will be equal to 0xFF if successful. 

0x00 1 STATUS Future release will contain additional 
error codes. 
Serial Sequence number. This is only 

0x01 1 SEQNUM 
present in response to op-codes 8 or 
9. It contains the sequence number of 
the serial command just sent, 

Table 5-4: ICP Packet - Write Response 

Length Description/Valid Values 
Byte # (Bvtes) Field Name 

Five character ASCII password 

0xOO 5 PASSWD 
required if secure mode (SECMODE) is 
enabled. 

0x05 1 OPCODE 14 Reset device (soft reboot) 
These bytes are ignored for the RESET 

0x06 4 ADDR command 

Table 5-5: Reset Device Request 
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2 = Read from External EEPROM 
3 = Write to External EEPROM 
4 = Read from Internal EEPROM 
5 = Write to Internal EEPROM 
6 = Write to RAM location 
7 = Read from RAM location 
8 = Write to serial port 
9 = Read from serial port 
10= IC Read (v1.1) 
11= 1C Write (v1.1) 
12 = SPI Read (v1.1) 
13 = SPI Write (v1.1) 
14 = Reset device soft reboot 

Serial OPCODE List 

Table 5-6: Complete ICP OPCODE List 



Appendix B 

IPU8930 Schematic Diagrams 
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Appendix c 

Project ICs Data Sheets 
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►

SDLS058 
SN54157, SN54LS15i, SN54lS158, SN54S157, SN54S158. 
SNHHi7, SN74LS157, SN74LS158, SN74S157, SN74S158 

OUADRUPLE 2-llNE TO 1-LINE DATA SElECTOftSIMUlTlPLEXERS 
MA.J;CH 197.:. • RF.V•SEO V..\FcC,... 1'JtHI 

• {l Jlfored Inputs an<l Outputs 

• I hree Spe,xl/l'ow..r Hanges Available 

fYrC!J 

1hi? 

L::.1:.,1 
·s,s, 

lYPICAL 

AVE;RA<:.E TYPICAL 

PR01'AGA TIO!'< rown-i 

TIMr UISSIPA TION 

".)I' ",, 150-:-nW 
S) rvs 49 ea 
It "J~J) ,., .. " 
7 ,...._ 2'1rnW 
I\ ra I;)» ra' 'Sl58 

applications 
• Expand Any Data Input Point 

Multiplex Dual Data Bcses 

G11nerate Four Functions of Two Variables 
(OM V,1ri:1bl•.' Is r.:,rn,n,or,) 

• Srnir.:P. l'r:11Jr.itonrr.;il)lll Coo.inter~ 

d8sc;rip!ion 
fl·Hse mon:.iithic dat:. :..Hlec::orsimv!tlplcxcc• contain 
irwcrtcr:1 ,md driv~·.-. to :;upply full v1-t;l11µ dul..: 

S(? r-cuw, ro ~.,~ 'our 01o•tpu: ga11:::i, A separate 51tObc 
irtl)Lt le; ~fOvld~t!. A•~ bil word 1s ~l?lcctc<l from ona 

::I :w:J .,ourc~s arel ir. ;ourec: 10 the fow out11.1!s The 
· • 5 7. 'LS~ 57. amt '51 :J / i:rc~cot tr JU data WIQr0as 

u,:: LS 158 :1r.d -~ 1 !.il:J pr1:i.n111 mverted daia to 
an zizg propagation deiay tee, 

rrn,cr ,oN 1,,u1 r 
----·-- f 
l'IPlJTS -l ' · 1·- .

1 
'11../ 'lS1c;.o • 

. ~T"OEE -&ELE:;T1 r, H • I __8" j siszsisn] ·srsa - 4 » 

-- ----:- --, 01.1TPu1 v 

SNS41~1. SNS4LS1S7, SN54S151, 
!;NS4LS1511, 51'1~451~~ ... J 011 W PACKAGE 

SN74rn7 .•. N PACKAGE 
3N14t.S1ti7, 3N"/4S1~1. 

SPl74lS158, SN74S158 .• , 0 011 N PACKAGE 
ITOr VIEW! 

A1orJ,.:J-;] ~cc - 
+A]z is] G 
IB[ ]J 1• 41\ 
1Y[]a 13; 48 

2AQ, . 'j~l 4Y 20Cl, 11 J3A 
2vq, 10J3B 

GNOQ.lL_ 9 JV 

SN54LS157. SN54S157. SN54l.S15tl. 
SN~4$1'jQ . , . fK PACKAGE 

IT OP VIEW! 

X ,, 
X 

h •I 

I• 

,. 

e} « ¢g'set »® 

., • .,. ,,.,.,_ L ., ..• ••· . • • • free air t.irnp111atura lilll!.111 fu11h1s!I uthnrwisu notndl 
~bsoluto ma11.imum ratings over op11ratmg . . . . . . . . . . . . . . . 

1:. S.upply v~> :a<JtJ, Vr,C iSoo Note 
·•ut.tvot-::-t(;'-: I:>/, ·sih,U 

'L!; 1 5 7. ·1 S 1 !,n 

7 V 
6 ~ V 
7V 

55C to 125·C 
o•c !U I0°C 

· · ·-ss•c 10 1so•c 

AA 



►

SN54157, SN54LS157, SN54LS158, SN54S157, SN54S158, 
SN74157, SN74LS157, SN74lS16B, SN74S167. SNHS158 
OUADHUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS 

1og1c svrnl)ols r 

'1hl, 'l,,;i~/. '!i1S7 

·1f.R. ·1 s, sa. ·s,:;s 

'II 
UI 

)'( 
18 

2A 
JV 

311 

gy 

logic dlauram lposltlvu loyh:) 

'157 

»°.f,5 » 
io ~•1 ·-·--1--~---_ rL ,, 

1 1.O 
,. !~: f i J.. )-i 

s 'y\» JU ~ 

l'I. 
JA 

111)) 
Ju 

t .. 
sh CtT ~,o 

s1out C 

$1:ht:1':liltics of 1111,.1ub and outputs 
157 

'H,7 

F.OUIVAHNI OF EACH INPUT 

Vee ---1--- 

l'IIPUT 

I V?ICAL OF ALL OUTPU1 S 

----vcc 
j1uuuNOM 

JUT PUT 



SN54LS157, SN54LS158, SN54St57, SN54S1513, 
SN/4LS1!,/, SN'/4LS151l, SN74S157, SN74S158 

OUADnurLE. 2-LINE TO HINE DATA SELECTORS/MULTIPLEXERS 
to!)ic <.li"!Jrams lpositivu luuir.l 

'LS1±¢, ±1SZ 
,··, -- ·- 

,n---- 

171 
--'J" 

'I£!I, S<8 
·:tt 

1 

,,, 

,rn : 1 .1: 

r,ri,:-~r <: \;· ·$J'. _J 
S!.tC:T A'~ --r·--- . . ' - ·-" 

. -- 

sr,hnmatrns of inputs and outputs 
'I ~15/, 'l5l',J\ - 

EUUIV~LCNT Of CACII INPUT 

G or(~ ll'C,11:l! ,,,.,'7 • 8,!:, 1t1l N0".JI 
s gr B put RJ,° 1Z ¥£2NO 

TVPICII.L OF l\l L OUTPU IS 

5157, '5158 
~OVIVAL(Nl UI EACII INPUT 

... ·--- 



SN54157. SN74157 
OUADRUPLE 2-L INE TO 1-llNE DATA SELECTORSIMULTI PLEXERS 

n\.:u:nmcndr.d oper3ting Cnnditions 

SN41s7 SN74Hi7 
tueui 

MIN NOM MAX MIN NOM MAX . ~ ~ '9 4.75 9.75 V 

-uoo -800 ;,A 

•G 1B rr 
-ti~ 129 0 70 ··c 

elcc~r ical chara1i1!ristir.~ ovP.r rncnnunP.nrlP.d nrl!!rntin!J frP,P.-nir tP.mpP.r~lurP. rnn!JA_ (11rilc5s othcrwi~ noted) 

swrtchrng r.har:ictcri~tics. Vee .. 5 V. TA~ 25"C -r---==;:;;;;~:;-;-;:;;:;;,-­ 
resr CON0ITI0N:i FAOM CINPUTi 

[)ata 

41)0 ~ 1. 

rv11 ·-;;;xr uNIT 
!I It. I "' ~ ,., 
u ,o I 
•~ 11 ! 
·~ n I l L...--_:.;;,~---:,:-c.,-, -- 



SN54LS157, SN54LS158, SN74LS157, SN74LS158 
ClUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS 

rf!c:ommcnd,id opcrJting conditiom 

.-,---•·•• ------ ~--~!i4LS' --sN14l.S' \1Ni;1 

3 -.1 -gT" gl 
101 Ln~ .. t•v•· <'l,!lll,t curre'\\: \ 

4 
8 o .. \ 

[7a _oeraign«sir j@is/a»TT° -ft""55 @ To'© 

electrical ch3racteristics over recommended operatiny free-air temperature 1ar1..,e (unle" othorwiw nowdl 

l T ~"'~•t ~· - --SN7<LS' U·'IT'! I PAr,AMETEn ... -· T LST ct'.lNu:r ION~• _lMIN T~P;· MAX MIN TYl'1 MAX n I 
I V I ~'~-~tJh·•-:.:.:=• ,•,p1..t \,'Ul~.1;a: _ I -- ------------- ,_.....c. -=-n::1+--'----;:;0-;;_ur-;;v;--, Fve ' :".w 1, .... ;.1 ·•pul v11l1,'teJI" j I 

pa FEE t.7, i vr:,1 hnih•· ....... ,-11"1.,r:11.! ..-01u1~ _1 v,L \1J\X, - 'tti:i' . .:.oo .. A - -l 
---- -- · -· :I v,:,: MIN, v111: 2 v. 1!.oc. • • "'" O.2s 0.4 o ;s 
Ive,. L..,to,-,, ,,.,,,~.:·,ol(.w, V11. '.11\X Iin, -Sm/\ :us __ o_.5+---, 

lr;;c, ,.,.,;,r, li:u 0, U -~ C.~ r - 
I : .. nr I\ --l Vee .. ,1.:..x, v, ~ 'v o.1 I 

•r..; 1\ v::_:~~•: ·-~--.---:c--1ic--·• _ 
, , .. ,h '•!•Cl , ...,,•o ~. r. 1 I vcc - •Mix. 

] vcc-Ax, 

1 5 

DA 

l 
I 

0.2 

v. 

, •.• ,., ,., .. -1 ' l, rr Po 

5 : 6 

{i.1 

,o ..... I 
! . 



SN54S15i SN54S1S8. SN74S157, SN74S1~8 
QUADRUPLE 2-llNE TO 1-LINE DATA SELECTORS/MULTIPLEXERS 

rccorrnncndud o;..ier a ling ~undi tium 

7.1% 
-- ·---· ---------+-----+-------:- 

·'4."Vll eu,1\,1\c- .. 1111111:.:._·fl~ _ ~ -----~----------+------~----,------j 
• l.ov,, ·•tvl'!I O-UIP"'-' __ ,_c:--"-'·•_•n7:_. 710:;..L"-;;-------------------+-~---.,,.,-+-.,-----.-;::-j 
'3pt:roJt.,;9 rice ,:tt t.·1111-c11,11u,:. TA 

I 36543157 SNT45152 
SN545158 SN74S158 l)NIT 

MIN NOM MAX MIN NOM MAX 
•.s :; 5.5 4,76 s.:zs V 

-1 -1 m/\ 

10 70 ,n,\ 
,55 \?!, 0 lo C 

electrical characteristics Ovt!r recommt!11ded operating free-air temperature range (unless otherwise noted) 

r l 
SN54S1~/ SN!>4S11i8 

l'Af\l\METER TEST CONDITIONS' SN74S1S7 SN74S158 I___ . -, _ __ _ IM1N TYr: M"x MIN -.:!"...: _M_A_x-+-·--1 
V114 H,¢"•1~\J~ ~OJtV~~a,:~ --··-- 11•----- ~-;;_----::-:r:-:-""1 » (LI"has«s 3 

I vc: - ,..,N. v, .. - , v. 1~•-"'' ~s I ~ ~ J.• -··+-'-·"---,----1 
! yy ·glee? put soltge IV{ 08y, 'y 1mry]Sent5] 2.7 a& 2.2 

V(.t,. ~.>it,1_ Vi;,• 7 'I, i u 5 
voi_ t.t:'•" IMII•' .)h~!l!.H vr,:f,'HJ~ v,l - UR'I, 'CL - Zl)1~u'\ ---- j_ ----+----·-1 

::.. ::::·.:~:.:: .:.:::.::~:~t~ :::c :::~:: :;__ _ h __ ~-~ ---~ 
t ; "" •··--·· ·•·ll·" ... , ..... ,iN1~.9.. Ve:::. "'AX. 11, • o.,, V , 7 .. 7 
[' Ao, ::I __ I -- ·- _..,.. - ,--- --,,-!O+-.,-,,--, ==#..a6 [ff I ccc ~J~:.:l'I c..i•,crt Vr.r. . MA.X, A~H :H 4.!J V. 

l B.ri,s. 1nu~_,\: C v_. - 5_u ~-' __ .l 
•.•,~ •:i M,\'.1..-:4: 1t,c .,~u,·c-::r,,Jl,: ... 1lui: ,i.:,:,,.,111:11 1,,,•"I.Jrf •C'f.1:ui,ro,1~,.Jeo•J ,::>1:r,t•"ll (,:-rc,11.,;:-.•. 

• ( ll' .. •ll••Jo 1,or1~ ~ti\••"'' .J\ 

'"",".$, .'.23..%%cc.,so coca-%coo 
~"llf ;t '<::, t .,,_- .. \..'fl"t1 ...... :~, ,tll .-.,,1r,•.r'- r,:u••' 

UNIT 

V 
08 V 

-1.:.l V 

J.• 
V 

'1 4 

05 

.A ' : 

r., .. ,, I 
~ I 

------- 

. • tH' dcla-; ~-w.e ow-cu r•19tl h!""' t11..u:ut 
tpp44 00pa9at- 4,4., rah-toiow-level 0c:put 

~PML ..,. V•\.11'•'\J•tl ,,.. r..tel.a, •'" r,;. HQ v~fo,rns .JfC shown "' Soc,,on I. 
f\OTE l: L:u:I -:,·::.u,::. .mcl .,,,~U,1gc:- wa 
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OM74LS90 
Decade and Binary Counters 
General Description 
E,1ch ,_.r lh•?>k 1n,:,nolill1i,: counl•?I'& conl,1in& four 11;;1&1-?r­ 
&kfr•? !lip-flop& ,1n,:J ,1,:ldilion:11 g.iling lo pro,id•? a divido?-bV- 
1'.-,,:; counl-2-r ,1ml .i _1hr-~-?~&t:1g0 bi11:1r·)' counl,:,r fc,r ·,•,hich u;,; 
,:,:,uni ,:,yd,? l,?n9lh I& ,:hv1.J,?-t•;,'-fiVo? for tho? or,,174 LS90, 
{ll ·of thee counters haye a gated 2f re&et and the 
[,t,,17,ILS~•O ,ll&o hJ& 9;1to?d ~t-lo-nin.; inpul& for us.c- ii; 
BC[1 nin.; & ,:,:,1npl0111,:,nl ,1pp1i,::1lion&. 
fo US•?. tlwir 111:1:ximum ,:ounl l,:,n9lh ,:d,xado? or four bit 
bill,lr')'.', 1110 13 input is connected to lh0 o, .. Olllpul. Th•? 
inpul ,:,·,uni pul~=•s .,r,; :1pplied to input A .ind lh.;. oulpul& 
,11'•? ,l& ,j,;~:rib,;,d in Ill•? :ippropri.:ile lltilh lablo?. f\ &';o'llllllo?lli­ 
•:JI :li\:id,?-b'{-l•?n wunl c,111 b,; obl.iino?d from 111,; 
l)t·.l:•ILS~") c,:,unl•?I'~ by conn,;,,:li119 th.; On oulput lo lh.; 1-\ 
input and applying the input count to the B input ,•;hich 
•;liV•?& ;i divkl,;,.b':,'-l0:•11 i:,~u:ir-2 \':.lVo? .il ,:,ulpul Qi\, 

Features 
Ill Ipical poewer <lissipation 4 in's 
■ Count frequr,nc.y ,12 l-,ll-lz 

Ordering Code: 
Orcl.;,r N1m1b.;.r Package Number 

DM7,ILS90M t•.11:IA 14-L,:,a,:J Small Oullin,:, lnl,:,gralo;,d Circuit (SOICi. JEDEC MS-'120. 0.150 Milrrol'i 

DM741SN 14-L:,ad Fl:t&lic Dual-ln•Lin,:, Packag,:, (PDIPi. JEDEC MS-00'1. O.ZOO '•Nido; 

1)7.v~~ ... ~,I..,:> ·,·::ulnhk- m l:,po :u>:I f'lr•r•I. Spc-cil·~· b·t"q:pon:Jinl] lh::-~ulfi,:; lollt.i X lo lh:•cidoim;i co:lo 

Connection Diagram 
p.IT 

" U:. 

11 17 

<Jr, 

II 

GND 

I ,n 
0g 

9 

Gc 
0 

Reset/Count Truth Table 
R.:;s.;,t Input,;. Output 

RO(·I) R0(2) R1(1) R9(2) Oc, 0,: Og O3 

H H L X L L L L 

H H X l·. L L I. L 

X X H H H L L H 

X L X L COUNT 

L X L X COUNT 

L x X L COUNT 

X L L X COUMT 

I 2 J [ [s A 7 

'r.1 1ll!" n0:1 nc:2% IIC VCc 1'9(1: H912, 

8 

\'t,'1\'i. f.:, irchi ldrr-•mi .corn 
ps06.381 



Function Tables 
BCD Count So;.ql1.;.nc.;.,:r•lolr, ·1:, 

C,:,unt Output 
Or O,; Og o, 

,) L L L L 
1 L L L 1-1 
2 L L H L 
.>, L L 1-1 1-1 
-1 L 1-1 L L 
C• L H L 1-1 
6 L H 1-1 L 

L 1-1 1-1 1-1 
9, H L L L 
':) H L L H 

Bi-Ouin.1r;• (5-2) ,.Nolr, 2, 

C,:,unl Output 
0:,. O O, g 

,) L L L L 

1 L L L H 

2 L L H L 

3 L L H H 

J L H L L 

;:, H L L L 

r:, H L L H 

H L H L 

9, H L H 1-1 

"J H 1-1 L L 

Logic Diagram 
mo" q 
R9i2) -:::---L/ -~t------ 

(ct 

} ' o, 

urn a} 4{'''ca 
.;_;_----.-+-+-----<--j ,CLOCK 

II llHI+zx4 
I I._, ••• ,., (•',Y•I 
'k Is4it+'re 
Net» 1±nuff at 2,1s cc@inc-std to input B Ia BCD) oun 

44o 21+3ulfat±2±ts ioctl lo input A lot bi quunary Eh 

1-l-:•1•:• ;: •JUIJ.lll •:.:,r, I> c,::1111c,:;lc.<l lo 111(:tll ll 

HC:·:•: 

·CLOCK 

K 

oo ii" oc 
pttOCK 

1-'n,,,- 
1l, 

[h» I and K inputs slien that cont.cfion at-» lot releter>» orly at 
,rn hu,slion:il-, al a hi:J1 i:,,,:l. 

2 
\•r1,-..•;.(.1 irchi ldf.,-:-1ni .Guill 



Absolute Maximum Ratings1N,)1.,.1; 
supply oltade 
ln(•lll './ .. ll,1~1.-; ,_r;:,:,s.,t, 
lnpul v-:,ll:19,, •./\ ,;r B • 
operating Fross {sir Tinpseraturs» Range 
storage Tmnpceraturs» Range 

7V 

7V 
.5.5V 

0 C to --70 C 
•55 C Iv . ·150 C 

N,:,t,~ J: I h-:• '/,l,!\ol11h• U\X111111111 U:i1111fJ,· :110 lh:bo ·:~~uo~ l,r,·,nntl ·,•,•lu:h 
111,, »:1101;· d lho ,1:,1i::o c:1111>:,I bo l)lnlfllllec-:1. ·11,0 dc••.;c,:, ,hculd nol br• 
or.•:1.11c,I ,\I 11)::,y:; li111il,. I ho p01;,m·:,11k: ·mlK.., ,hlin.,:I 11111..- 'l.k<:ln:nl 
Ch:-11:wlmt:-.lh:•.:o O t:1l:fo ..-uo 1101 ';_U,nnnloc.:.I al lln,·b£~lllo 111a(1111111111:11111rJ~ 
lho ·lk.::01111nl'lr.kd Or,0:1nli119 C:011:hli:11,,' 1:,Llo will dcli110 lho corrJillm, . 
[ct aclul dee op:a ala1, 

Recommended Operating Conditions 
Sy1i1bol Min 

Suppl')' Volt.19 ,; 4.:5 

'VI HIGH L,;v,;I Input \.oltn•J•? 2 

Unit,; 

\/ 

Vu LC>'·:\' L,;-.;.;I Input Volln9,; 

l._,JI HIC.1-l L.;-.,,;( Output CUITo?lll mA 

1.-,1 LO\-'i L.;vel Oulplll Curr,;nl m/s 

Clcu:k Fr0qu.;ncy ,:Nc,l,; 5) A to 2 0 
B to , 0 

MHz 

lc1 K •:lock Fr,?qu,;ncy (Nol,; 6) AloO_,\ 0 

BloOn 0 

Nom Max 

5 5.25 

0.8 
-0.4 ,, 

·-· 
32 
·16 
20 
·10 

MHz 

Puls,;, '•:',i-:llh iNol,; 5·, A ·15 

B JO 
15 

I)[. 

Puls•? ·,,-,j,jlh ,:Nol.; 6i A 25 

B 50 
25 

ns 

Im I R-=-~•?I R,;-1.;n&:- Tim-? ,:Nole 2•! 

ly11 [1Reset Release Time ilot» 

25 ns 

35 ns 

l,-, Fr,:,.; !;ir Op0r,1lin•J T-2rnpH.llllfo? 
Ni&55&'TFjE 7ks l} 78€and 's>>=9' 
MAe:C 0fl.R #kg± I,36C and'?>]= 5'¥ 

0 70 C 

Electrical Characteristics 
,:,,•;r r-e-,,:,mm,ndsd oc-:rotina fr-:s ;,ir 1-:mMrnlur-: rjn,:rs iunl-:ss oth;r,,is, not;d·, 

Sy ml-l C-:,nditions 

lnpul C bm~• \'ollog-: 
HIGHL-:•:-:1 

Cutput olt age 

V,x; - t.lin, 11- -1.S mA 
'•i,::,; ~ t,lin. l,:11- lvfat. 
•,;11_ ~ Mo:,. '•in 1 - Min 

Typ 
{1 ax Mill 

(Mot•> 7) 
1.(, 

2.7 3.4 

IJ11ils 

LC'y Lav=l 
Culr-•ul '·iollog• 

'•lo~~ t,lin. let = Mo:, 
'i, Max. p,, Min 

0.% 

l,_1 "4 m;. '•ice t.lin 
0o.25 0.4 

lnpu t ,: urrent t l.:i:, 
Input lta= 

'•lo~ t.lo:,. '-'1 - 7\1 
V,::,;- t.loY. 

hi HIGH L-:•:-:1 

lnpu1 ,:urr,nl 

1).2 

6 
R-:s-:1 

A 

(t.4 

20 
40 

6 
80 

-0.4 

uA 

In L•.::i·,1,1 L>:\·-:1 
lnpu I ,: urr .nt 

A 2.4 

6 
-20 

-3.2 
100 

'.2h,:,,1 •:::ir,,uil •.)u1put •:::urr-:nt V.:,.: _ t.lJt. iNote 
'./,:,:, t.lJt. (NOi• 7, 

9 15 

N-:-lc- 7: ,••JI 1·:1 ic1!, .11-r:.\I V 'J'•l. I,. - ✓~ C 

,,,v;,•1.l.1i~:hild&:-1ni.corn 
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Electrical Characteristics 1 C onlinu,~-j) 
N❖I-..\ ,1: •!.t, nu1rt11., ,lh}h::,,...lf•:l .,t 1 . - t.hx (lhh lh~ lnml vnlm<:◄ 111 101 lhr1 B11rt1I. I his p,:m1ibd1r,11111 UY.:- l\np.11 ·.,t1ib 111:11nlairi111J 1111 l:i110111 c:1pnlJlit!·• 
N❖1-.'.l ':I: l·bl 1n::tr• Un11 Ctll\ <:tll(:tll -:,hm•d t•.:-'3h:.t i .. -:1 nl .1 11111l'. ,lld lh-:• 1.h1alko '3h:uld 1ml tl.'-Cr•r•1 01•:.-'3t-cun:I. 
N,:.1,:-, 1(1: I _ 1, 11\L"- hi II• .d ~,·1lh all , 1111pul""' or.•-:t 1. bJlh I {0 11111111, 1_11ctnttJ-:•:l lo\lcr,1,•m~ 11101111•11lniy oct 111c.::lict I tj ,I .:.,'l rm:I nil oll 1c,1 Inf.tit~ g101 m:fftd 

Switching Characteristics ~l Ve..: 5V .111d TA·- 25'C 

From ilnput» R; 2k±! 
Symbol Pu amel1 T,:, (l)u1put:1 Cj=15pF Cj 50 pF Units 

Min I1 ax Min r.,.u 
t.Maximum Cloek A to C, 32 20 f,1H: f1,1,\K 
Frequency BtoC,, 1G 10 

111 II Propagation Delay Time 
AtoOl\ 16 20 ns 

L(•\'1•-10-HIGH L ~•,,I Oul pul 
11 I II - P1,:,pogolion O;l.1~· lim~ 

A to C, 18 24 ns 
HIGH-lo-L(,•,'i L?•,?I Oulpul 

111 II P1,:,pogllion 0?1,1)" lim~ 
Al,:,C!u 48 2 ns 

LS:•1'1•-10-HIGH L;•,;I Oulpul 

inn Propagation Delay Time 
Al+:,,Jn 50 ,:,o ns 

HIGH-lo-L•:•~'i L;•,;1 Oulpul 
Pr,:,~-ogo1ion O;ln;- lim~ 16 23 ns 11111 Bio On 
L•:•.'~-lo-HIGH L;•,?1 Oulpul 
Pr,:,pogllion O;l.:i,- lim~ 21 30 ns l11 II Bio On 
HIGH-lo-L•:•'l'i L;•;;I Oulpul 
Pr,:,pogllion O;l.:i)' lim~ 32 37 ns 1n11 Bt,:,•:ic 
L•:•,'i•-lo-HIGH L;•,;I Oulpul 
Pr,:•pOgllion O?ln,-lim~ 35 44 ns 1nu· B lc,Oc 
HIGH-lo-l(•'l'I L?•,;1 Oulpul 
Pr,:,pogllion O;l.:i;- lim~ 32 3G ns 11111 B » Cy 
L•:•l'~-1 o-HIGH L ;•;;I Oulpul 

35 44 ns 1nn Pr·pag2lion Delay Time 81,:.•:0ll 
HIGH-10-L•:•'l'i L;•,?1 Oulpul 

30 ·5 ns 111 II P-pagalion D=lay Time SET-?to Cy. Cj 
LO:•.'i•-lo-HIGH L?•,;1 Oulpul 

48 ns p1,:,pogolion O?b)' lim-a SET•9 lo 01!- °'-:: 40 11 Ill 
HIGH-1o-L0:••1'i L;•;;I Oulpul 

2 ns Pr,:,pogllion O;l.1,· lim~ SET-(• 10 Any 0 40 inn 
HIGH-lo-LO•N L;•;;I Oulpul 

.. 

. , 
saw.fair+chills«omni.com 



Physical Dimensions inch,:,s ,:milli1110lors, unl<:-ss olheMiS•? nol,;d 

\,1 ll 17 11 1[1 !I 

!'11'1::u.:i 
I a, 

(.'.j 

io 
1 "i' · ~ 

J. 
ST II8Z .at 4 

I 
t 
"14 
.. ~! ;.:6' 

0 :..:u !YI' 
id C1 

14-Le(lcl $111(111 Outlilw lnt.;.gr,,t,;.d Circuit (SOIC;. JEDEC MS-·120. 0.150 N(llTOW 
P(lck,;g,;. Nuinb.;.r r,1·14A . 

5 
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Plwsical Dimensions inch"~ •milli111;,t,?rs) lllll•?S5 olh,;1wl~? nol<?d (Conlinuod, 

Cl +',rn n.1.-0 
'\,5 MIi !ti ':€l 

PNN 
unn 

I 
, fi"il rm 111 :-iii iii • m 

h w uJ [iJ w ..2.-.il 

% 0it 
\7.24l 

U.Z:C :!lLUIO 
6.3¢ +6 5i, 

IN)[X 
AF4 

PINNO , 
IC>;NI 

ITT1 rm 111 
·-i~--. 
[ ~o .. 
ll: jj u 

IPtlO!\ I on,u1102 

L i.l!i • 1l Oil; 

as -a s»EA 

·14-L.;.:,d Pl.1stic Du:,1-ln-Lin& P:1ck:i9e iPDIP). JEDEC i,1S-001. 0.300 Wid.;, 
P .1ck:,9.;, Numb.;,r N·l 4A 

I'. J!rdlikl do•?& not as&Lllll,:. ;my r,:.sponsibilily ror us,, or any circtlilri described. no circuil f.Ol.?nt lic@S<?S are implied and 
I· a1rd11ld res,:,r-;r:s lh,:, ri9l1I ,11 all')' linw -.•,ilhout nolic,; 10 clKlll•Jee said circuilr,' and sp.,dfiwlieons. 

LIFE SUPPORT POLIGY 
F/

1
.IR•.::1 Ill.D'S Pl~Ol:OUCTS ;,RE NOT AIJTHOl~IZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 

DE\-KES OR SYSTHIS '•/·:'ITHOIJT THE EXPRESS '•NRITTEN !\PPROV,'IL OF THE PRESIDENT OF FAIRCHILD 
SEr-.11,:or,1ou,.::r OR CORP(m!\ TION. /1,5 us,:.d h,:.r.;in: . 
I. Life support l-vices, or systeins» are devices or systet&9 

,·,hich. ,,, are intended for sur9icJI implant inlo 111., 
b,: .. J-,'. ,:,r ,I;, suppo:,rl or sust;iin lif.,. and ,c; whoso? failure 
1,:, p,;rf,:,nn ,•;h,211 prnpNly us.,d in ao~ordanc., -.•,ilh 
in&lructi,:,ns fc,r us,, 1,r,:.vid.;d in tho? lab,;lin9. can bi? r;;a­ 
s,:,11,1bl·r o:•~1:0-:-:tred 10 r~ull in .1 signific.,nt injur; to lhe 
Ut•H. 

2. A critical oomponenl in any oompon.;111 of;, life support 
di;-,;ic., or sysl.;m whosre railur,:. to petform can b•? rea­ 
sonably .;,xpeclr,d lo causre lit'? faiiurn or 11,., life suppo,t 
do?vice or r.yst>:;'m. or to nHo?cl itr. r..afo?t;t or c-ff~ctiV-?11-££-f.. 

•,w:w.f;,irchilds.;.ml.com 

°''1·,·,\·;J .. 1irchilrlr.(•1ni . .:1:,m 
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@MOTOROLA 

BCD TO 7-SEGMENT 
DECODER/DRIVER 

Th<? SH5-!:7-ILS47 ar:,. Lo•:.: Pc•:,:,.r ·sd1ottky BCD to 7-Segm:,.nt Oecod­ 
,:.f:Drk:,.r.:- 0.,11,;i,;ting of 111.£\MD g,1tes. input buffe-r5 and $8Vo?n AMO-OR-IM­ 
'/EF:T i;i,11:,.,;_ Th.,-)' off.,.r ,.·,ctive- L1

)\:',/. hi~1h sink ,:urr:,.nt outputs for drivinq 
indic,,tor~-dir:,..:tly. S-,v.;,n ~11Af\JD 9,11>?5 and one driv<?.r ar:,. conn:;ct:,.d in pairs, 
10 m)k'? 8•.:D dc1IJ <1nd its o:ompl:,.111.;,nt av.:,ilablo? to the s<?.ven do?c,xlinq 
AMD-OR-IM\iERT 0;1,11.,.s. Tho? r:,.nwinin9 f\JAMD gal.,. c1nd thr<?.8 input buffe-rs 
pro-;kf.,. 1,,mp to?~,I. bl,mkin,;1 input.: rippl:,.-blanking output rincl 1ipple-blanking 
input. . . . _ 

Th.,- dr,~uit,; ,,,~c.;.pt 4-bit b1nary-,:od:,.d-do?c11nal (BCD) and. d-?penclinq on 
the state of th:; auxilimy· inputs. d.;.cod:,.s this data to drivo? ., 7 -s>?g111:,.nt clisj)lay 
indio:,,tor. Tho? r:,.l,1ti-,,:;; pot,itive-lo9io: output lev,;,1$. ,.15 •:.·ell as Gonclitions 
1;.~liir.;.d :.,t th.;. ,,uxifi,.iry inputs. z,r:,. sho•:m in th,;, truth table&. Output 
,:o:,nfiour,1tion~. of th.;. SM54;74LS47 ar:,. d>?sign:,.d to ·•:.<ilh$lr1nd th,;, r.,.fativ.,.lv 
hi,:ih ~olt,.iq.;.~ 1.,-quir.;.d for 7-~-:,.gment indic,1tors. · 
Th.,.s.,. c,utput~- •:.'ill ':.<ith5t,:,nd 15 V •:.:ith a maximum r,,v:,.rs.,. curr:,.nt of 

z::;,} 11A. lndi-~atc,r S8~Un:,.nt,; rnquiring up to 24 mA of current may b,;, driven 
dir.;.:.tl-,: frorn th:,. SN74LS47 high P'."lforman,:o? output trz111,;istorr-. Displ8:/ 
p,:,tt.,.ri1~. for BCD input ,:01.1nts ;.-,bov:,. nin,;, ;,ro? unique S;tmbof~. to :.iuthenticat.,. 
inr,ut ,: onditior,~-- 

Th:; $IIJ5-l:74L$47 ino:orpor.:,te~. ,1utomatic l:,.adin~1 nncl/or trailing-edge- 
z.;,ro-bl,,nking ,:ontrol ( RBI and F:80). Lc1111p l8SI (LT) ma5· b<? p<?rfonrnd z,t 811)" 
tim.,. ,:,hid1 th.;. 81: RBO nod:,. i~; a HIGH lo?vo?I. Thi~. d:,.vic::,. ;:-,h:,o contains an 
0-,.,.rridin,:1 blankin9 in1)1.1t J:f) -..·.:hic:h can be u::;ed to ,:ontrol th:,. lnrnp intensity 
b:, ·,-,1ryin,;1 th.;. fr.,.::1u:,.n,:y ;:,nd duty ,:yd;;, of the 81 in1,ut ::.ignal or to inhibit the- 
outputs», 
• L:i1111, lnt:,.r,:,ity l-..lod1.1l,1tion C;,p,11:oility iBf:FcBO) 
• pen Collector utptut 
• Lamp Test Frovision 
• Lexling:Trailing Zaro Suppression 
• Input •.::k1111p Dioo:l.;.t, Limit High-:.~p:,.<?d Terrnin8tion Effocts 

CONNECTION DIAGRAM DIP (TOP VIE'Ni i 9 ; i; - :; :, 

SN54/74LS47 

BCD TO 7-SEGMENT 
DECODER/DRIVER 

LOW POWER SCHOTTKY 

J SUFFIX 
CERAl·.-IIC 

CASE 62­ 

N SUFFIX 
F'L.4.::-TIC 

C:.l,::-E 64:~-c,:;: 

D SUFFIX 

PIN NAMES 

.-:,_B,·-~- D 
ill 
.LI.__ 
I FE> 

e 
4 

LT Bl.'RBO RBI D A GND 
LOADING •.M,:,t.;- :,1 

HE5H Ls 

:,.t,:..J 
1·10[1'<,: 

f:'.(;[J 111;:,ut,, 
Rii:-i:•l.;--e.1:,111-.ln•J ln;:•Ul 
L:,m;:,-T.;-st 1n1:-1.1t 
e.1.:,nldn,;1 1111:••Jt ,:,r 
F:ipjl:-EIanking ·C@itpAut 

·Ct4A1tE 

.:,,~. 1_1,L. 
(•.~• l_l,L. 
(•. ?, 1_1,l. 
,).~, 1_1.L. 
1.2UL 

Cpa n-Cs4lc tEI 

1).2$ IJ.l. 
0.15 1.1.L. 
0.151.1.L. 
6.754.L. 
1.') IJ,l. 

15, 7.5} l1.L. 

ORDERING INFORMATION 
5444LXXJ &ermle 
;;;t•l74L::,XXI-I F·l:,stl,; 
:,.r,J7-IL:2-XXD :,OIC 

LOGIC SYMBOL 

61! 
g RBO 

13 12 11 10 9 15 1-1 4 

'•fee= PIN 16 
GND =PIN8 

·1' I Unil l.,,,1,J •U.L., = ,IL• u!, I IIGH, 1.G 111{, LOi•i. 
braitput iurrs-nt imeasaurslatip=0.5 4% 3-414.34, Temperature Range», 

I 1>· Oooq<il LO\-',' ,hi·,., 1.1,.t, ,r it.:.:-, U.I.. f,:,r t-.lilil;-uy, 5-1; .111d 1:> IJ.L. for C•.<11111 .r,l,ll ' t • I 

FAST AND LS TTL DATA 
5-1 
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T DISPLAYS 
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SN54/74LS47 

LOGIC DIAGRAM 

INPUT 

D 
OUTPUT 

BLANKING INPUT OR 
IPFLE-BLANKING { 1 
UTPUT 

LAM.MP.TEST 
INPUT 

RIFFLE-BLANKING 
I1-lPLIT 

po 11 12 13 14 15 

NUMERICAL DESIGNATIONS - RESULTANT DISPLAYS 

TRUTH TABLE 
INPUT$ ~ r--- OUTPIJT$ ~ 

DECIMAL 
·'AR LT RBI D c B A BtRBO - b - - 7 - 

FU4CTEON 
a C d 9 NOTE 

,) H H L L L L H L L L L L L H A 

1 H x L L L H H H L L H H H H A 

2 H x L L H L H L L H L L H L 

3 H x L L H H H L L L L H H L 

4 H x L H L L H H L L H H L L 

c H X L H L H H L H L L H L L 

6 H X L H H L H H H L L L L L 

7 H x L H H H H L L L H H H H 

8 H x H L L L H L L L L L L L 

9 H x H L L H H L L L H H L L 

10:• H x H L H L H H H H L L H L 

11 H x H L H H H H H L L H H L 

12 H x H H L L H H L H H H L L 

1'!. H x H H L H H L H H L H L L 

14 H x H H H L H H H H L L L L 

15 H x H H H H H H H H H H H H 

Bl x x X x X x L H H H H H H H B 

RBI H L L L L L L H H H H H H H C 

LT L x X x X x H L L L L L L L .o 

H= HIGH oltagee Leseel 
L=LO¥oltage Level 
x= lminaterial 

MO.LE:::;_ _ 
BHRB±is. sirs--AHD lo«jfe soring as. Hanking Input+BI an or ripple-Hanking output RB@± The blanking out ·BI must tee ope=tor hell 

alalllGHl-sly/hen output functions othrough 1 are+fesire-+, anl ripple--blanking input RB must be open or at.a HESH lye1if blanking 

ofaslsimalris not+desired, x= input inaye HHorLO B'sheen a1O#¢ 1-»-l is, applies ts thee Hanking input sfors+I sonlitions all segment outputs, go to a Lai'# IE-el regardless» of le skate ·} 

any other input onlition.> C +'den rip44slanking input 4-RB and inputs. A. B. Canel D are at 1.'#'Iese-L saith thee Lamp tee.t input at HISHIe-«l, all segment output, 
yst» a HE©SHI«4 anf thee ripple-lAanking utfLft±EE£ Joss to a L.Or level response conditions, 

E''rlie-nth- Hanking input ripple-Hanking output BTRBC is. open or hell at a HIGH1-rel, and a LOW'Teel is applied to lamp test input, 

all srsjment outputs go to a LC# loel 

FAST AND LS TTL DATA 
5-2 



SN54/7 4LS47 
GUARANTEED OPERATING RANGES 
~ sy,nl>ol 

r,¢ 
Parameter 

54 
7.j 

Min 
4.5 
.t,75 

Typ 
5.0 
~-.o 

Max 
~-.5 
S.15 

Unit 
I/ 

T. -55 
0 

115 
70 

C 

l,:•H ,:,ut1:-1.1t •.::,.ur-;-nt Hl•)h EI FE 54. 74 -5(, 
l,:•L ~ 

BliRB•) 
5-1 
7-1 

1.6 
.$.2 

mo 

5-1. i 4 15 I/ 
,:•n<,t:,t-;- ,::ut1:•ut C:urr.;.nt :'i t,:, •l 

:i t,:,:;i 12 
2-1 

mA. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE •l11·,1.;.s$ -:,u·,-;-r,;'1;-;- ,;1;-;-,:lfl-'-,1) 

symbol Parnmeter 
Limits 

Min Typ Max Unit Test Conditions 

'IH \J 
Gu:,r:,nt-;--;-,J ln;,ut HIGH Th-;-sh,:,tl \/,:ilt:,;1.;­ 
for AI Inputs 

'-'IL 

{l. 

I 5-1 
I 74 

V 

V 

Gu:,r :,nt.;-.;-,j ln>•llt LG',•: Thr.;.sl',01,j \/,:,It.,,).,. 
fr All Hnpauts 

Vee= MIM. 111-1 = - 'IS mA 

,:,utr.·•.lt HIC,H •/01to,;i~. BJTR8D 2.4 4.2 \/ 
Vee - MIi-i. L:)H - -50 IIA. 
\/11-1 = v,n ,:.r V1L ;,.;.r Trnth T:,t,I.;. 

MtL"-y ftje 
I FE 
df-:,.t:,t.;. Out;:,1.1t •.).111.;.nt 
:, t11r1.1 ,;T 

250 ttA 
Vy = MA'X. Vjpy= 1H jL per Truth 
Tl#. Vy ff = 15 

0:•n-::,t:,1.;.,:,,.11;:-utV•:•lt:,,;1.;. 
A thit 

I s-1. 7-1 
I 7-1 

lIH lllJ'.·1.11 Hl(,H Curr.;.nt 
20 
•). I 

Vee= lvt.:;x. \/11,1 = 2.7 v 
cry =MAX. Vy = 7. 

IJL 
rpAit L: <on=utELEE"? 
tar,, 1111:,1.11 -;-x,;.;-1:-t Bl: RE:-:) 

-·u 
G.4 

ntt.. Vee= JvL;x, 1/11-1 =•)AV 

1,.:,,,. e:1 Re.c, •:•ulj:•l.lt :,.1•,,:-rt c:11·,:ult Clllfff1t (M•:-t-;- 1 ·, -2.(• 

l Fer 3apply auit=nib 7.0 I 3 
m . .:!.. 
nt!.. 

Vee.= MAX. V,::IJT 0 V 
Vcc=M"-X 

M••I•:· 1: N,:,t 1u,:,r-.: lh..111 c•n•.:: ,)utpul r.hould LH~r.h0J1'2:'J nl ;i 1i111t:. 11'ir for1n.:,r(: lh,:111 1 r.•xond. 

AC CHARACTERISTICS ,.TA=~~- Ci 

Symbol Parameter 
1FHL 
lFtH 

F'r•:•~•:,-;i:,1i,:,n [,.;-1:,;·. -".d:lr-;-ss 
1n1:-ut t,:, ,;.-;-,;1111-;-nt ,::ut;;ut 

IF'HL 
lFLH 

Fr-:0;:,:,,;1:,ti,:,r, ['•.;.I:,;-. RE'.-1 ln;,ut 
To:• ,; • .;.,:1m-;-nt •:•uli;-1.11 

Limits 

Min Typ Max Unit 

1 11$ 

1 11$ 

1 1)$ 

1')0 11$ 

Test Conditions 

\l.:,c, er 5.IJ\/ 
CL=15pF 

AC WAVEFORMS 

1.3V 

1.3 '.j 1.3 '✓

lPHE 

CUT 

lpLH 

Figure 2 
Figure 1 

FAST .A.ND LS TTL DATA 
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Appendix D 

Project software source code-Data 
Sheets 



import java.applet. Applet; 

import java.io.; 
import java.net.; 
import j ava. util.; 
import java.awt.; 
import java.awt.event.; 

public class Start extends Applet 

{ 

I I Constants 

private int IPSIL PORT = 8930: - , I I Ipsil device port number 

II Variables 

lnetAddress 1a =null: , 

Socket sock = null; 

InputStream sln = null; 

OutputStream sOut = null; 

II Socket 

I I Input data stream 

I I Output data stream instance 

StringBuffer buffer = new StringBuffer(); 

Button read=new Button("Read"); 

Button select=new Button("Select"); 
Button on=new Button("Turn OFF"); 

Button off=new Button("Turn ON"); 

Label value=new Label(); 

Label eCond=new Label); 

II Arrays 
/I Write RAM variable ICP command 
I I Configures all channels as Digital Outputs iddr RAM 0x113. bytes to write 2 
II Operation code= Ox06, a ress m ' 

byte [] setAIIDigitalOutput 



{0x00, 0x00, 0x00, 0x00, 0x00 
' 

0x06, 

0x00,0x00,0x01,0x13, 
(byte)0x86, 

channels Digital (1 byte len) 
0xOf, 

input 4,5,6,7 output (1 byte len) 
} ; . 

byte[] t = 

{ 0x00, 0x00, 0x00, 0x00, 0x00, 

0x06, 
0x00, 0x00, 0x01, 0x13, 
(byte)0x86, 

channels Digital (1 byte len) 

0x00, 

channels as Outputs (1 byte len) 

}; 

II Password 

II "Write EEPROM" cmd 
// Start location 

II Password 

// "Write EEPROM" cmd 
// Start location 

(5 bytes len) 
(1 byte len) 
(4 bytes len) 
II AII 

II 1,2,3,4 

(5 bytes len) 
(I byte len) 
(4 bytes len) 

// All 

// All 

byte[] ra = 
{ 0x00, 0x00, 0x00, 0x00, 0x00, 

0x07, 
OxOO,OxO0,0x01,0x17, 

(byte )0x0 1, 

channels Digital ( 1 byte len) 

// Password (5 bytes len) 

[/ "Write EEPROM" cmd (1 byte len) 

// Start location (4 bytes len) 
// All 

// All 

channels as Outputs ( 1 byte len) 

} ; 

// Set all digital outputs to HI level 

/I Write RAM variable ICP command 

' • 0 



II Operation code = Ox06, address in RAM Ox117, 1111 1111- all channels "l" 
output 

II Each bit of the last byte represents each channel state accordinly 
byte[] sa0 = 

{ 0x00, 0x00, 0x00, 0x00, 0x00, 

0x06, 

0x00,0x00,0x01,0x17, 

(byte )0x00, 

II Password (5 bytes len) 

II "Write EEPROM" cmd (1 byte len) 
II Start location (4 bytes len) 

II All 
channels lo except 5,6,7 (1 byte len) 

channels HI 

}; 

byte [] sal = 
{ 0x00, 0x00, 0x00, 0x00, 0x00, 

0x06, 
0x00,0x00,0x01,0xl7, 

(byte)0x8f, 
(1 byte len) 

}; 

byte[] sOn = 
{ 0x00, 0x00, 0x00, 0x00, 0x00, 

0x06, 
Ox00,0x00,0x01,0xl7, 

(byte )0x7f, 

channels HI ( 1 byte len) 

} ; 

byte [] sOff = 
{ 0x00, 0x00, 0x00, 0x00, 0x00, 

0x06, 
0x00, 0x00, 0x01, 0x17, 

(byte )Ox Of, 

channels HI (1 byte len) 

} ; 
byte [] resp = new byte[1024]; 

II Password (5 bytes len) 

II "Write EEPROM" cmd (1 byte len) 
II Start location (4 bytes len) 

II All 

II Password (5 bytes len) 

II "Write EEPROM" cmd (1 byte len) 
// Start location (4 bytes len) 

II All 

II Password 
I/ "Write EEPROM" cmd 

II Start location 

(5 bytes len) 

(1 byte len) 
( 4 bytes len) 

II All 

// Network response buffer 

1y»" 



public Start() { 

setLayout(new BorderLayout()); 

Panel p = new Panel(); 
Panel p2 = new Panel(); 
p2.setLayout(new FlowLayout()); 

p.setLayout(new BorderLayout()); 

read.addActionListener(new ActionListener() { 

public void actionPerformed(ActionEvent e){ 

Start. this.readK(); 

} 

}); 

select.addActionListener(new ActionListener() { 

public void actionPerformed(ActionEvent e){ 

Start.this.selectK(); 

} 

} ); 
on.addActionListener(new ActionListener() { 

public void actionPerformed( ActionEvent e) { 

Start.this.tOn(); 

} 

}); 
off.addActionListener(new ActionListener) 

public void action Performed(ActionEvent e){ 

\» 



►

Start.this.tOff(); 

} 
} ); 

value.setSize(new Dimension(0,200)); 

p.add("North" ,read); 

p.add("South",select); 

p2.add("North" ,on); 

p2.add("South" ,off); 

p.add("Center", value); 
add("North",p); 

add("South" ,p2); 

add("Center" ,eCond); 

} 
private void tOn() { 

try{ 

sOut.write(sOn); 

sin.read (resp); 

} 

catch (Exception e) 

{ 
e.print Stack Trace); 

addltem(" Start "); 

} 

} 
private void tOff() { 

\ + 
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try{ 

sOut.write(sOff); 
sin.read (resp); 

} 

catch (Exception e) 

{ 

e.printStackTrace(); 

additem(" Start "); 
} 

} 

private void selectK() { 

int i,j; 
try{ 

sOut.write(sal ); 

sin.read (resp); 

for(i=0;i<100000;i+ +) 

for(j=O;j<l00000;j++) 

sOut.write(sa0); 

sin.read (resp); 

for(i=0;i<100000;i++) 

for( j=0;j<100000j++) 

} 



p 

catch (Exception e) 
{ 

e. printStackTrace(); 

addltem(" Start "); 
} 

} 

private void readK() { 

int i,j; 

int v=0· ' 
int ec; 

try{ 

// Send ICP command - Configure all channels as digital outputs 

sOut.write(setAllDigitalOutput); 

// Read and ignore replay byte from the Ipsil device 

sln.read(resp ); 

sOut.write(ra); 

sln.read(resp ); 

ec= resp[8]&0xl0; 
this.sa0[ 1 0]=(byte )((this.sa0[ 1 O]&0xet)\resp[8]); 

this.sal [1 0]=(byte )((this.sal [l O]&0xet)\resp[8]); 

if(ec==16) 
eCond.setText("OFF"); 

else if(ec==O) 
eCond.setText("ON"); 

v+=(resp[8]&0x0f) 1000; 
addltem(" FirstDigit: "+(resp[8]-32)); 



pND 

// Send ICP command S . - vet HI all on all of the channels 
sOut.write(sal); 
II Read and i gnore replay byte from the Ipsil device 
sln.read (resp); 

for(i=0;i<100000;i++) 

for( j=0;j<100000;j+ +) 

sOut.write(sa0); 

//Read and ignore replay byte from the Ipsil device 

sln.read (resp); 

sOut. write(ra); 

sIn.read(resp); 

v+=(resp[8]&0x0f)* 100; 

addltem(" SecondDigit: "+(resp[8]-32)); 

// Send ICP command - Set HI all on all of the channels 

sOut.write(sal); 
// Read and ignore replay byte from the Ipsil device 

sln.read (resp); 

for(i=O;i< 100000;i++) 

for( j=0;j<100000j++) 

sOut.write(sa0); 
// Read and ignore replay byte from the Ipsil device 

sIn.read (resp); 

)11 
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sOut.write(ra); 

sln.read(resp ); 

v+=(resp[8]&0x0f)* 10; 

addltem(" ThirdDigit: "+(resp[8]-32)); 

// Send ICP command - Set HI all on all of the channels 
. . 

sOut.write(sal); 

// Read and ignore replay byte from the Ipsil device 
sin.read (resp); 

for( i=0;i<l 00000;i++) 

for( j=0;j<l 00000;j++) 

sOut.write(sa0); 
// Read and ignore replay byte from the Ipsil device 

sin.read (resp); 

sOut.write(ra); 

sIn.read(resp); 

v-+=resp[8]&0x0f; 
addltem(" ForthDigit: "+(resp[8]}-32)); 

for(int k=0;k<7;k++) { 

sOut.write(sa l); 
sIn.read (resp); 



►

for(i=0;i< 1 00000;i++) 

for( j=0;j<100000;j++) 

sOut.write(sa0); 

sin.read (resp); 

for(i=0;i< 1 00000;i++) 

for( j=0;j<l 00000;j++) 

} 

} 
catch (Exception e) 

{ 
e.printStackTrace(); 

addltem(" Start "); 

} 

value.setText((v2)-+ "KWH"); 

} 

public void init) 
{ 

try 

{ 

/lia = InetAddress.getByName("192.168.1.101"); 

//ia = InetAddress.getLocal Host); 
/laddltem(ia.getlHost Address()); 



►

ia = InetAddress.getByName( getCode Base).get Host) ); 

// Init TCP socket. Connect to the device itself on Ipsil port· 

sock= new Socket(ia, IPSIL_PORT); 

addltem(ia.toString()); 

// Create input data stream 
sln = sock.getlnputStream(); 

// Create output data stream 
sOut = sock.getOutputStream(); 

} 

catch (Exception e) 

{ 

e.printStackTrace(); 

addltem(" Init " ); 

} 

} 

(str· g new Word) private void addltem( 1n 

{ 
System.out.println(new Word); 

buffer.append(new Word); 

repaint(); 

} 

. · (String args[]) { public static void matn 



►

Frame f= new Frame("KWH Reading"); 
Start s = new Start(); 
s.init(); 

s.start(); 

f.add("Center", s ); 

f.setSize(800, 400); 

f.show(); 

} 

public void start() 

{ 

} 

} //end of the applet 
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